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MOVEMENTS AND BEHAVIOR OF A WOLF PACK IN ALASKA 


Bob L. Burkholder 
U.S. Fish and Wildlife Service, P.O. Box 6123, Anchorage, Alaska 


This paper reports on part of a broad wolf 
study program now being conducted in 
Alaska for the purpose of managing the 
wolf, Canis lupus, concurrent with other 
wildlife interests. This part of the study 
concerns the activity of a group of 10 wolves 
observed continually over a period of 6 
weeks, March 11 through April 22, 1958. 
These wolves were kept under observation 
by use of aircraft as long as snow cover was 
sufficient for tracking from the air. Trips 
by the observer were made as frequently as 
practical and averaged two 2-day trips a 
week. Dead game animals were inspected 
on the ground whenever possible to deter- 
mine the sex, age, and physical condition of 
the animal, cause of death, pattern of attack, 
and other pertinent information. 

These observations took place in an area 
known as the Nelchina Caribou Range, 
which is bounded on the north by the 
Alaska Mountain Range, on the east by the 
Copper River, on the south by the Chugach 
Mountains, and on the west by the Talkeetna 
River. It encompasses approximately 16,000 
square miles. This area supports an esti- 
mated 40,000 caribou (Rangifer arcticus 
stonei ), several thousand moose ( Alces alces 
gigas), and numerous Dall sheep (Ovis d. 
dalli), in addition to varying numbers of 
small game, fur animals, and birds. The 
killing of wolves in this area is now pro- 
hibited by regulation as a caribou-manage- 
ment measure, and also to permit study 
of the wolf in a relatively undisturbed 
situation. 

The number of wolves in this area has 
varied during the past 10 years from a high 
in 1948 to a low in 1955 and currently ap- 
pears to be increasing. An intensive pred- 
ator-control program conducted from 1948 


through 1951 accounted for over 200 wolves 
in the area, after which a “policing action” 
was maintained in order to keep the popula- 
tion depressed. Bounty hunters were active 
in the area concurrent with the control pro- 
gram. In 1955-56, no wolves were taken un- 
der the control program except one for 
scientific purposes; however, an undeter- 
mined number were taken by bounty hunt- 
ers. In 1957 the area was officially closed 
to the taking of wolves except for scientific 
purposes. 

Other United States Fish and Wildlife 
Service personnel contributing to this study 
were Donald H. Richards of the Branch of 
Predator and Rodent Control, Ronald O. 
Skoog and Robert A. Rausch of Alaska 
Pittman-Robertson Project W-3-R, and 
Averill S. Thayer of the Branch of Game 
Management. Robert F. Scott, Supervisor 
of Game Restoration, helped guide prepara- 
tion of this manuscript. 


DESCRIPTION OF THE WOLF PACK 


Nine wolves were first sighted on March 
12, 1958, at the confluence of the Big and 
Little Oshetna rivers (Fig. 1). Three of the 
wolves were grey, and six were black. Two 
of the black ones were noticeably silver, one 
on the ventral surface and the other both 
ventrally and dorsally. One of the grey 
wolves was somewhat rufous. This color 
combination within the pack was used 
as a key to identification on successive 
observations. 

The wolves were tracked from the air and 
sighted on March 12, 14, 15, and 18 (Table 
1), and during this period the total num- 
ber and color combination remained the 
same. However, at the next sighting, on 
March 20, the pack numbered ten wolves— 
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TapLE 1.—SuccesstvE SicHTINGs SHowING Con- 
ENCY OF COLOR COMPOSITION AND LOCATION 


sIST. 
oF Wo.LF Pack 











Composition ; 

Date Number a> a Location 
Mar. 12 9 3 6 Oshetna River 
Mar. 14 9 3 6 Little Oshetna River 
Mar. 15 9 3 6 Little Nelchina River 
Mar. 18 9 3 6 Caribou Creek drain. 
Mar.20 10 3 7 Caribou Creek drain. 
Mar. 24 7 2 5 Hicks Creek 
Mar. 29 1 0 1 Caribou Creek drain. 
Apr. 2 10 3 ti Caribou Creek 
Apr. 3 10 3 7 Talkeetna River 
Apr. 12 3 ] 2 Goose Creek 
Apr. 16 10 3 7 Black River 
Apr. 17 10 3 7 Oshetna River 
Apr. 22 9 2 7 Butte Creek 





three grey and seven black, the additional 
black one without noticeable identifying 
characteristics. 

The extra black wolf sighted with the 
pack on March 20 could have been either 
resident to the area invaded by the pack, 
or lagging a day or two behind the pack on 
the previous days of observation. A later 
observation indicated that wolves do at 
times remain behind, only to catch up with 
the pack later. On April 12, tracks of seven 
individuals were counted on a wolf trail 
leading up the Susitna River. One of these 
tracks was made at least 24 hours after the 
other six. The other three wolves were pre- 
sumed to be moving either by a different 
route, or still lagging behind the ones ac- 
counted for. 

Seven wolves were sighted on March 24, 
and only one was located on March 29; 
however, during this period from March 16 
to April 2 the wolves confined their activities 
to the Caribou Creek drainage, a moun- 
tainous area about 16 by 20 miles. Tracking 
here was most difficult, due to overlap of 
wolf trails, confusion with other animal 
trails, and otherwise generally poor tracking 
conditions. During this time, the pack did 
not always remain as a unit but split up in 
various combinations, as evidenced by the 
sightings and sign. On April 2 the wolves 
were sighted leaving this area and again 
numbered ten, with the same color com- 


bination as previously described. On the 
following day, April 3, the pack was ob- 
served from the ground over a period of 
several hours, and one of the black wolves 
was further identified by its large size, mas- 
sive head, and brindle coloration. Unfor- 
tunately, the sex and age composition of the 
group of wolves could not be determined. 
Only three of the wolves were sighted on 
April 12, but on April 16 and 17 the ten 
wolves were together as a unit. The last 
sighting was made on April 22, and the pack 
numbered nine—one of the greys being 
absent. Visual conditions were so poor at 
this late date that the “absent” grey could 
have been present but not sighted. 


MOVEMENTS 


During the period of observation, this 
group of wolves traveled in a clockwise di- 
rection within an area measuring 100 by 
50 miles, the longer axis lying north and 
south (Fig. 1). They moved during an 
estimated period of 6 days from the Susitna 
River to the Caribou Creek drainage and 
remained there for 17 days. They returned 
to the Susitna River, spending 4 to 5 days 
en route, and remained in this area until my 
contact with them was lost 17 days later. 

The routes of travel within the area were 
primarily along the ice on rivers and tribu- 
tary streams where travel was easiest; how- 
ever, there were exceptions in localities 
where the wolves had hunted for a period 
of time (Caribou Creek drainage and 
Susitna River). Here, the ridge tops and 
hillsides were traversed as well as the river 
bottoms. Once the wolves were located on 
top of the highest peak in the immediate 
area and once again, while traveling across 
country, the animals climbed a 7,000-foot 
peak to its crest when more convenient 
routes of travel were available. While travel- 
ing through snow, the wolves were always 
in single file as evidenced by sightings and 
sign; however, on wide stretches of ice- 
covered rivers where there was no “trail to 
break” the wolves would spread out and 
pick individual trails. 

The wolves moved mostly as a unit, as ten 
of the 13 sightings indicate (Table 1). On 
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the March 18 sighting, the wolves were scat- 
tered over an area 2 miles long: some on 
top of a mountain, two on a fresh caribou 
kill in the valley, and others in between, 
moving toward the kill. 


TABLE 2.—DIsTANCES TRAVELED BY WoLF PACK 
DURING KNOWN AND ESTIMATED PERIODS 

















aes No. " Average 
Date Days Miles Miles /Day 
Mar. 9-15’ 6 60 10 
Mar. 12-15 3 34 ll 
Apr. 2-3 | 45 45 
Apr. 2-6' 4 88 22 
Apr. 16-17 l 6 6 
Totals and mean 15 233 15.5 
' Estimated elapsed time based on freshness of kills, con- 


tinuity, and age of tracks. 


Table 2 lists the distance traveled by the 
wolf pack in either known or estimated 
periods of time. These periods represent 
the movements of the wolf pack while 
traveling across country from one hunting 
area to another and include the time de- 
voted to hunting and feeding. It is possible 
that the time factor might have been in- 
fluenced by the sampling method, since the 
intrusion of the airplane could prematurely 
“trigger” the departure of the wolves from 
a kill. If the wolves continued to move with- 
in an area as they did while traveling to that 
area, the average of 15.5 miles per day can 
be extrapolated to include the total period 
of observation. This would indicate that 
the wolves moved approximately 700 lineal 
miles during the 45-day period. 

The shortest distance between kills, mea- 
sured along the trail of the wolves, was 6 
miles. The wolves were sighted leaving a 
moose kill at noon on April 16 at the mouth 
of the Black River, and the following morn- 


TABLE 3.—NUMBER OF KILLS MADE BY 


ing they had killed and eaten another moose 
on the Oshetna River, 6 miles below the first 
kill site. The tracks indicated no deviation 
from the river bed, except to “lay-up” op 
the canyon rim after being disturbed by 
the aircraft. ; 

The greatest distance between kills was 
more than 45 miles, from a caribou kill on 
Aspen Creek to Kosina Creek and the 
Susitna River. Here the trail was lost due 
to lack of snow, and the distance to the next 
kill is unknown. Another movement of 45 
miles between kills was noted on April 2-3, 
The wolves were intercepted at the head of 
Caribou Creek at 10 a.m. and were back- 
tracked to their last kill on Billy Creek. The 
wolves were sighted again at 11 a.m. and 
had moved a distance of 6 miles. On the 
next day, the pack was located on a fresh 
kill on the Talkeetna River at 10 a.m. The 
total distance of 45 ground miles between 
kills was traveled in 24 hours. On this trek, 
snow conditions varied from none to a depth 
of several feet, but in the deep snow the 
wolves were sinking to a depth of less than 
12 inches which constituted little impedi- 
ment to their travel. 

Other travel distances between kills were 
30 miles, 11 miles, and 10 miles, the average 
being 24 miles, based on the 6 examples 
cited above. 


ANALYSIS OF ANIMALS KILLED 


During the time that the wolves were 
under observation, certain segments of the 
total period could be used to determine the 
frequency of kills because of the continuity 
of observation. In most instances, tracking 
conditions and other factors were such that 
the number of kills located could be con- 
sidered to be maximum; however, it is prob- 


Wo tr PACK DURING KNOWN PERIODS 














Period No. Days No. Kills Species Area 
Mar. 9-15 6 4 Moose Susitna River to Billy Creek 
Mar. 16—Apr. 1 17 10 Caribou Caribou Creek drainage 
Apr. 2-6 4 2 Caribou Caribou Creek to Susitna River 
Apr. 12-17 5 3 Moose Goose Creek—Black River 
Apr. 22-24 3 2 Both Watana Creek—Butte Creek 
Totals 35 21 
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able that some of the kills during the period 
of March 16 through April 1 were not 
located; thus, the kill figure recorded here 
(Table 3) is considered to be minimum. 

These data indicate an average of one 
kill every 1.7 days for the periods when the 
wolves could be tracked continuously. Pro- 
jecting this index for the total period of 
observation (45 days), the number of kills 
would be 26. An interesting cross-check 
can be made with other data cited, as a re- 
liability test of these data. The average 
number of miles traveled per kill (24 miles), 
multiplied by the projected number of kills, 
gives a total of 624 miles. This compares 
favorably with the estimate of 700 miles 
calculated from the average distance 
traveled per day. 

The figure for frequency of kills may well 
obtain only to this specific situation, since 
the number of animals in the wolf pack and 
the abundance and availability of prey 
species (including small game) would act 
as variables. 

Thirty-one dead game animals were lo- 
cated along the wolves’ travel routes, and 
22 of these were known to have been wolf 
kills. The remaining nine animals had died 
previous to the period of observation, along 
known routes of wolf travel, and were 
probably killed by the wolves (Fig. 1). Still 
other dead animals were located in this and 
adjacent areas, but these had been killed by 
wolves other than the study group, or had 
died from other causes, and were not in- 
cluded in this study. 

No Dall sheep kills were located, in spite 
of the fact that I made an effort to seek them 
out. While the wolves were hunting the 
Caribou Creek drainage, they were closely 
associated with the sheep in the area. At 
one time the wolves were scattered over a 
mountain within a few hundred yards of 
17 sheep. Throughout the area, wolf and 
sheep trails would overlap. An estimated 
500 caribou were in the area, and 10 caribou 
kills were located. Thus, my observations 
follow those of Murie (1944), who con- 
cluded that caribou serve as an important 
buffer species for sheep in Mt. McKinley 
National Park. 


Of the 22 animals known to have been 
taken by the group of wolves, 14 were 
caribou and 8 were moose. These do not 
include 9 old moose kills believed to have 
been previously taken by the same pack 
before the 6-week period of intensive ob- 
servation covered in the present paper. 

The wolves appeared to show no prefer- 
ence for one prey species above another; 
rather it seemed to be a case of availability. 
The larger number of caribou kills in com- 
parison to moose is a result of the wolves 
inhabiting caribou areas more often during 
the period of observation, coupled with the 
fact that sighting conditions for locating 
kills were better in the higher elevations 
where the caribou and wolves were in as- 
sociation. In one instance, a moose was 
killed on April 22 when caribou were more 
plentiful; on the other hand, no moose kills 
were found under similar conditions on 
Caribou Creek. 

Where aircraft landings were accom- 
plished, there were sufficient remains of 
eight of the fresh kills to determine the 
physical condition of the prey animals. In 
all cases the condition was excellent, as 
judged by the amount of subcutaneous fat, 
visceral fat, and character of the bone mar- 
row. This fact was not surprising, since big 
game in the area were generally in good 
condition at that time. Skoog (viva voce) 
reported that all but one of 18 caribou col- 
lected for scientific purposes last winter 
were judged to be in excellent condition, 
13 of these being pregnant females carrying 
unexpected amounts of fat. 

Utilization of the carcass was complete in 
12 of the 22 fresh kills, and more than 75 
per cent in the remaining 10 cases where 
more than one wolf was involved or where 
the wolves had fed unmolested by the air- 
plane (Table 4). 

Of the 14 caribou killed, the age of eight 
could be determined, and all these were 
identified as adults, aged 24 years and 
older (Table 5). Five were inspected on 
the ground, and three identified from the 
air. Age was determined by dentition, 
antler growth, and/or body size (Skoog, 
1956 ). 
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TABLE 4.—DATES AND CHARACTERISTICS OF ANIMALS KILLED BY MEMBERS OF THE WOLF Pacx 











Condition 
No. rated Kill'Dete —-SPecies, «= iE, Sex alized Remarks 
1-8 Mar. 11 ? Moose F ? g 100 Susitna—Oshetna 
rivers 
i) Mar. 11 P Moose Adult é$ ? ? 100 = Antler remains— 
Tyone Creek 
10 Mar.11 Mar. 9 Moose Calf ? Yes Normal 75 — Susitna River above 
Oshetna River 
ll Mar. 11 Mar. 10 Moose ? ? ? ? 100 Oshetna River 10 
miles from mouth 
12 Mar. 12 Mar. 12 Moose Calf 2 Yes Normal 60 Wolves disturbed at 
kill—mouth of Lit. 
tle Oshetna River 
13 Mar. 14 Mar. 14 Moose I ? Yes Normal 80 '% way up Little 
Oshetna 
14 Mar. 18 Mar. 16 Caribou 4 ? ? ? 100 __— Billy Creek 
15 Mar. 18 Mar. 17 Caribou ? ? ? ? 100 Caribou Creek 
16 Mar.18 Mar. 18 Caribou Adult ? ? ? 100 Intact when first 
sighted—fresh kill 
17 Mar. 20 Mar. 19 Caribou ? ? ? ? 100 Caribou Creek 
18 Mar. 21 Mar. 20 Caribou ? ? ? ? 100 ‘Billy Creek 
19 Mar. 24 Mar. 22 Caribou 4-6 Yr 2 Yes Normal 90 Divide Creek 
20 Mar. 29 Mar. 17 Caribou ? ? ? ? 100 Caribou Creek 
21 Mar. 29 Mar. 26 Caribou 4-6 Yr S$ Yes Normal 60 Killed and used by 
one wolf— 
Crooked Creek 
22 Mar. 29 Mar. 29 Caribou _ Adult 9g ? ? 30 Killed and used by 
one wolf—Squaw 
Creek 
23 Apr. 2 Apr. 1 Caribou ? f ? ? 100 Head Billy Creek 
24 Apr. 3 Apr. Caribou 10+- Yr. 3 Yes Normal 75 Wolves disturbed 
while feeding 
25 Apr. 9 Apr. 4 Caribou ? ? ? ? 100 Aspen Creek 
26 Apr. 12 Apr. 12 Moose Calf P ? ? 90 Goose Creek 
27 Apr. 16 Apr. 16 Moose Calf ? ? Normal 100 Jawbone intact— 
Black River 
28 Apr. 17 Apr. 17 Moose Calf ? ? ? 100 Below mouth of 
Black River 
29 Apr. 22 Apr. 22 Moose Calf ? ? ? 100 North side Butte 
Creek 
30 Apr. 24 Apr. 20 Caribou Adult 9 ? ? 90 Hard antlers— 
Watana Creek 
31 Apr. 24 Apr. 23 Caribou 4-6 Yr. 3 Yes Normal 75  Watana Creek— 


Echinococcus 





1 Age class for moose—Peterson (1955); age class for caribou—Skoog (1956). 


No yearlings or calves were identified in 
the sample; however, in the case of the six 
animals unidentified with respect to age, 
there was such complete utilization that 
nothing remained but blood, hair, and some- 
times stomach contents. It is probable that 
some of these unclassified animals were 
calves and/or yearlings, since the ingestion 
of the smaller animals would be more rapid 
and complete. In one such case, age esti- 


mation was made on the basis of the stomach 
size, correlated with the tracks. This animal 
was judged to have been 2 years old. 

The sex of six caribou was established: 
three males and three females. Antler 
growth and development was used as a cri- 
teria of sex determination when other means 
were not available. 

No pattern of selectivity was established 
in age, sex, or condition categories; how- 
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TABLE 5.—SEx AND AGE OF ANIMALS KILLED By WOLF PACK 








Sex 





Adults 








Species r 9 Total Calves Yearlings 3 5 Tr - U .. 
Caribou 3 3 8 14 0 0 1 3 1 3 6 
Moose 1 2 14 17 6 l 0 _ 90 0 1 9 





ever, over 50 per cent of the total sample 
of 14 animals, and all of those for which age 
determination could be made, were found 
to be adults. This is not in accord with the 
findings of some observers in Alaska and 
elsewhere. Crisler (1956) concludes: “It 
appears to us that wolves have great diffi- 
culty catching healthy adult caribou, and 
even calves are not overtaken except in con- 
fusion of a large herd. .. .” Olson (1938) 
reports from Minnesota that the majority of 
wolf kills are old, diseased, or crippled ani- 
mals (deer or moose). On the other hand, 
a recent study of wolves in Minnesota re- 
ports: “Of adult deer. . . only two, or 7 per 
cent, were considered old; all others were 
in the prime of life. There is no indication 
that wolves tend to take old animals in 
preference to those in the prime of life. . .” 
(Stenlund, 1955). The caribou data col- 
lected in this study support the latter state- 
ment. All of the wolf kills that I could 
check were in excellent condition and of 
the “age of primeness.” 

Of the eight moose killed during the 
period of observation reported here, four 
were inspected on the ground. The sex of 
two of these was determined, and both were 
females. The age class, as judged by denti- 
tion and body size, could be determined on 
seven of the eight and was preponderately 
calves, in the ratio of 6:1, the one exception 
being a yearling (Table 5). 

All moose calves were attended by adult 
females throughout the period of observa- 
tion, and one could assume that the calves 
killed were likewise in company with cows; 
however, this was not determined. The 
sample does reflect a selectivity for young 
moose, despite the fact that moose of older 
age classes, collectively, occur more fre- 
quently. It is suggested that wolves take 
younger moose if given a choice, following 
the line of least resistance, since adult moose 


can put up a formidable defense in situa- 
tions in which the wolf does not have an 
advantage. In this sense, the “weak” animals 
are selected, if one defines “weak” as those 
moose less capable of warding off attack 
for any of several reasons. These premises 
imply physical combat that could jeopardize 
the wolf, and would apply in the case of 
moose but not to caribou. Caribou depend 
primarily upon their ability to run, having 
little if any defense otherwise, and my ob- 
servations indicate that, even with healthy 
adult caribou, this is a dubious advantage, 
at best. This could be one reason why 
selective predation, if exhibited by the wolf 
on caribou, would be more obscure than 
that in the case of moose. 

There was no evidence to indicate that 
small game had been utilized; however, 
such evidence is hardly obtainable from the 
aerial methods employed in the study. Also, 
the snowshoe hare (Lepus americanus), 
grouse (Canachites canadensis, Bonasa um- 
bellus, and Pedioecetes phasianellus), and 
ptarmigan (Lagopus lagopus, L. mutus, and 
L. leucurus), were all at low population 
levels at this time in the study area, and 
therefore were not readily available. 


METHODS OF CATCHING, KILLING 
AND FEEDING 


An attempt was made to determine in 
detail the methods most commonly used by 
wolves to catch their prey. In most cases, 
the tracks in the immediate area of the kill 
were confused to the point that a clear pic- 
ture could not be drawn; however, at six of 
the kills the circumstances could be recon- 
structed with a degree of certainty. These 
are listed in order of their occurrence and 
are quoted from field notes: 

1) Moose, age class calf, female, killed March 


12 at the junction of the Big and Little Oshetna 
rivers. This moose had bedded down on a bush- 
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covered island approximately 20 yards wide by 
100 yards long. The wolves, moving upstream on 
the right bank, sensed the moose when they were 
even with the island, as evidenced by three trails 
“fanning” out toward the moose at a distance of 
30 yards. The moose was knocked down 5 yards 
from its bed. The snow cover was 2 to 3 feet deep 
and without a crust. 


2) Moose, age class I, sex undetermined, killed 
March 14 on the Little Oshetna River, 10 miles 
above the mouth. This kill was inspected by R. O. 
Skoog, who reported as follows: “Apparently the 
moose had been feeding or been bedded down in 
a draw when the wolves topped the ridge and 
sighted it. Immediately beyond the crest of the 
ridge was a tracked-down area about 20 feet by 
6 feet, which might indicate that the wolves had 
lain in wait there after first sighting the moose or, 
on the other hand, might simply have been so 
distributed later, after the kill. At any rate, the 
wolves split at the crest and three ran more or less 
directly toward their prey and the other six ran 
downslope of the moose. The moose ran south- 
eastward directly across the slope, but barely 
covered 100 yards before being caught by the 
wolves, who had covered 300 yards in about the 
same time. The signs observed in the ‘attack’ area 
indicated that the struggle did not last long— 
probably less than five minutes!” Snow cover was 
similar to that in example No. 1. 


3) Caribou, age class less than 2 years, sex un- 
known, kill located on Billy Creek. Tracks indi- 
cated that the small caribou was walking up the 
narrow canyon as the wolves were coming down. 
They met on an abrupt turn. The caribou leaped 
across the creek and tried to clamber up the steep 
slope. There was blood on the slope at about 70 
feet from the creek bottom and slide marks down to 
where the remains of the caribou lay. These re- 
mains consisted of a fairly large piece of hide, 
apparently from the hind quarters, and the paunch, 
which measured 16 inches by 11 inches by 5 inches. 
In this instance, the animals were sinking to a depth 
of 1 foot in the uncrusted snow. 


4) Caribou, age class 4-6 years, male, killed at 
the head of Crooked Creek, prior to March 22. 
The sign from the air indicated that the wolves 
were trailing a small band of caribou along a 
ridge. There were no running trails until at the 
end of the ridge. Here the chase began. Caribou 
tracks and one wolf track plunged off the ridge. The 
caribou split—three left and one right. The wolf 
’ chased the single animal into the creek bottom and 
the kill lay 200 yards upstream. The remainder of 
the pack did not engage in the chase and kill but 
remained on the ridge and returned down their 
back trail. The total distance of the chase was 
about 350 yards. Snow on the creek bottom was 
hard-packed. 


5) Caribou, age class adult, female, killed on 
Squaw Creek March 29. This caribou was chased 
down a bare “hog-back” and caught by a single 
black wolf on a small flat place as evidenced by a 
large bloody area in the snow. It was harried {oy 
another 200 yards and pulled down. It appeared 
from the air to be one-third consumed, and the 
wolf was feeding when sighted. No estimate could 
be made of the total distance covered because the 
actual chase was initiated on the bare ridge, 


6) Caribou, age class 10+ years, male, killed at 
the head of the Talkeetna River on April 3. The 
caribou was a large and mature bull. He was lying 
on his right side. Tracks indicated that he had 
been chased 200 yards and knocked down 15 feet 
from the point of initial contact. The carcass was 
dragged 40 feet downhill by the feeding activity, 
There were portions of the intestines scattered 
about, each weighing a pound or two, and also 
pieces of lung tissue. These pieces of intestine and 
lung chunks were apparently disgorged after being 
eaten. Two small pieces of liver were also seen 
to have been disgorged. As to the caribou itself, 
all of the meat was eaten on the left side of the 
head, and on all of the soft parts of the neck 
(throat and trachea), including the forward part 
of the brisket and leading edge of the fore quarters, 
The body was hollowed out and all the viscera were 
gone. The left ventral portion of the rib cage was 
missing, and the hide was torn off the left shoul- 
der. The left rear quarter was consumed, starting 
with and including the last three ribs down to the 
knee joint. The right side (the side that was down) 
was practically intact. This was skinned out and 
showed no marks of violence. The hind legs were 
not bitten either. The actual damage was ap- 
parently inflicted on the left shoulder, side, and 
flank. The sign indicated that the wolves were 
moving in from the right side of the caribou, there- 
fore the animal must have wheeled and faced the 
wolves in order for the left side to have been at- 
tacked. The snow cover varied from nothing to 
a depth of 1 foot in the area of the chase. 


There were no observations made of the 
animals that “got away,” and undoubtedly 
all attempts to kill do not end successfully 
for the wolf; however, of the 22 fresh kills 
made, none showed evidence of a long 
chase. Murie (op. cit.) writes regarding 
wolf predation on caribou in Mt. McKinley 
National Park, “It seems that wolves run the 
adult caribou until they are exhausted, for 
in a short chase the grown animals can run 
away from wolves. At times perhaps wolves 
may maneuver so as to bring a caribou down 
more quickly.” 
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MOVEMENTS AND BEHAVIOR OF A Wo.Fr Pack—Burkholder 9 


There was no evidence during this period 
of my study to indicate that wolves, even 
singly, had a difficult time catching adult 
caribou. The pattern seemed to be to sur- 
prise the animal at close range and charge. 
Teamwork of the pack was noted in one 
instance by Skoog. 

Opportunity to determine the specific 
body areas of attack on the prey animals 
was limited because of the rapid and com- 
plete ingestion by the wolves except in a 
few instances cited below. 

The first incident that lent itself to such 
determination occurred during the study 
period but in a different area and by another 
pack of seven black wolves, which was also 
under study. This example involved the kill- 
ing of a yearling bull moose, on the Hallet 
River at the head of Klutina Lake. The 
wolves were scared away by the airplane 
during the initial stages of attack on March 
20. No landing was made on this date, in 
order to permit the natural sequence of 
events; however, the moose was “down” and 
would struggle to its feet only after a low 
pass was made with the airplane—then it 
would lie down again. On the next day, the 
area was checked at high altitude, and the 
moose was dead. On March 24 the kill was 
inspected from the ground. The wolves had 
not returned to the kill as I expected. The 
moose was in excellent condition as judged 
by the amount of fat and the condition of 
the bone marrow. The animal was skinned 
out in order to determine the areas of attack. 
The only injuries observed consisted of deep 
bites and tears on the hams above the hocks. 
The animal was not hamstrung, the tendons 
being still intact. No other wounds were 
noted. It seemed odd that the moose had 
died suffering this relatively slight damage, 
but the deep punctures were no doubt pain- 
ful and as stiffness set in the animal was 
either unable or unwilling to rise. No doubt 
the shock element was a contributing factor. 
Snow conditions, 3 to 4 feet deep with a 
slight crust, were such as to inhibit travel 
somewhat. 

Another example occurred on the Tal- 
keetna River on April 12. The wolves were 
located, and a landing made 3 miles distant 


in an attempt to photograph them. While 
a stalk was under way, the wolves made a 
kill, but unfortunately not in sight of the 
observers. A vantage point was reached 
within 200 yards of the kill, and the wolves 
were observed to feed for an hour and then 
move off and bed down. The kill was then 
inspected. This was a mature bull caribou, 
10 years or over (see example No. 6 of 
quoted field notes), and was presumed to 
have been attacked on the left shoulder, 
flank, and neck, since these parts were miss- 
ing and the remainder of the carcass showed 
no sign of having been bitten. The animal 
was not attacked from the rear. 

Another example occurred on November 
3, 1956. Two caribou calves were sighted 
near Butte Creek, one dead and partially 
eaten and the other still alive. One grey 
wolf was sighted nearby. These caribou 
were inspected, and there was no evidence 
of their having been hamstrung. The live 
calf was able to stand up and was observed 
to have been bitten about the neck, shoulder, 
side and flank. One bite in the back allowed 
air to pass back and forth into the body 
cavity as the animal breathed. The dead 
calf was similarly attacked, and one hind 
quarter was eaten. 

I have never found evidence of an animal 
having been disabled by cutting of the 
Achilles tendons. The actual attack seems 
to be at random, with bites taken wherever 
or whenever the opportunity is presented 
and more usually about the neck, shoulder, 
flank, and hams. 

The examples cited indicate that the first 
parts of the animal eaten are the viscera, 
except for the stomach contents. The soft 
parts of the neck and ribs appear to be 
preferred over the more massive tissue 
structure. In many cases the entire animal 
is consumed, including hoofs, long bones, 
and skull, with only hair and stomach con- 
tents remaining. 


OTHER BEHAVIOR 


One would expect that the wolves would 
become accustomed to the airplane during 
the course of the study, and this proved to 
be a valid assumption. The wolves initially 
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were much more concerned about the intru- 
sion of the airplane, as evidenced by their 
scattering and running, than they were dur- 
ing the later contacts by air. This was quite 
obvious during the last six sightings, since 
the wolves would stand around a kill with- 
out taking any evasive action after re- 
peated passes with the airplane, and they 
finally would move off at a leisurely pace 
and with apparent reluctance. This learned 
tolerance of the airplane could have been a 
factor limiting the sighting of the wolf pack 
after tracking conditions could not be relied 
upon, since the chance of seeing wolves is 
much less when they are stationary. 

Another interesting behavior characteris- 
tic was noted. The wolves were observed 
for several hours from a distance of 200 
yards while feeding on a fresh caribou kill 
(Talkeetna River, April 3). During this 
period, the wolves were somewhat aware of 
the intrusion as evidenced by single wolves, 
on two occasions, inspecting the observers 
by moving downwind within 100 yards. In 
neither case did the wolf scent the observers 
and, apparently satisfied, each returned to 
its feeding. After the wolves had bedded 
down a few hundred yards above the kill, 
the observers were forced to expose them- 
selves in order to check the kill. Imme- 
diately, all ten wolves jumped to their feet 
and moved toward the men at a trot with 
their tails arched high—a most impressive 
sight indeed! They quartered downwind 
within 75 yards and, as the lead wolf caught 
the human scent, all dropped their tails and 
scurried off back up the mountain. Later in 
the day they were seen to slide down a steep 
snow-chute from the top of the mountain, 
singly and intermittently, regrouping on a 
ridge two-thirds of the way down from the 
6,500-foot peak. 

During the feeding time, one wolf was 
seen to bury a small piece of meat by dig- 
ging vigorously with its forefeet in the snow 
and then cover the hole by pushing snow 
with its muzzle. 

No animosity among the wolves was 
noticed during this feeding session. Rather, 
a spirit of co-operation and play seemed to 
be the theme. There was much tail wagging 


and tugging at the meat. Once a tug-of-wa, 
ensued between a grey and a black wolf 
but here again the pattern was playfy| 
rather than antagonistic. 


SUMMARY 


A pack of ten wolves, observed and fol. 
lowed by airplane continually over a period 
of 6 weeks, moved in a clockwise direction 
over an area 100 miles long by 50 miles wide 
and covered an estimated 700 lineal miles. 
The average distance traveled per day was 
15.5 miles, and the greatest distance was 
over 45 miles. The longest sustained travel 
was 88 miles in an estimated 4-day period, 

These wolves killed, on the average, once 
each 1.7 days and averaged 24 miles be- 
tween kills. A total of 31 kills of moose and 
caribou was located and attributable to the 
pack, 22 of these being made during the 
period of observation. Wolves and Dall 
sheep were observed in close proximity but 
no sheep kills were located. There was no 
species preference indicated between moose 
and caribou. It was more a function of local 
availability. All of the dead animals checked 
were judged to be in excellent condition, 
insofar as this factor could be determined. 

No selectivity was noted in the age, sex, 
or condition categories in the case of cari- 
bou; however, no calves were identified in 
the sample. This omission of calves was 
thought to be a function of occurrence (per 
cent of calves per total herd) coupled with 
the observer's inability to age smaller ani- 
mals that had been entirely consumed by 
wolves. 

In the case of moose, selectivity was indi- 
cated in the age category. Calf moose were 
killed in the ratio of 6:1, the exception being 
a yearling. 

The wolves caught their prey by a process 
of surprise and charge, and no chase was 
observed to last more than 350 yards. Even 
single wolves had no difficulty catching and 
killing apparently healthy adult caribou. 
They killed their prey by biting and tearing, 
apparently at random. The neck, ribs, and 
flanks were eaten first, and often the entire 
animal was consumed, except for the stom- 
ach contents. 
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TAGGING AND TRAPPING THE COLLARED PEccARY—Neal ll 


The wolves were observed to be gre- 
garious and showed no animosity or in- 
tolerance toward one another. When sight- 
ed, the pack numbered 10 on five occasions, 
9 on five others, 7 once, and 3 once. 
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TECHNIQUES OF TRAPPING AND TAGGING THE 
COLLARED PECCARY' 


Bobby J. Neal 


Arizona Cooperative Wildlife Research Unit, University of Arizona, Tucson, Arizona 


In the United States, the collared peccary 
(Pecari tajacu) occurs only in Arizona, New 
Mexico, and Texas at the present time. In 
all of these states the peccary is considered 
to be a game animal, although in New Mex- 
ico there has been no hunting season since 
1947 (Lee, pers. comm.). Because of the 
increased interest in the peccary as a game 
animal, there is a need for more complete 
information on the peccary’s life history, 
population dynamics, and management to 
serve as a basis for establishing future man- 
agement practices. Although the collared 
peccary is not the vicious animal that popu- 
lar accounts have indicated, its strong jaws 
and long, sharp canine teeth make it poten- 
tially dangerous to handle. For this reason 
special handling techniques are needed. 

The objective of the present study was 
to develop techniques for trapping and 
tagging the peccary. These techniques were 
needed before movement and population 
studies could be carried out. The trapping 
and tagging were conducted in the Tucson 


‘Contribution from the Arizona Cooperative 
Wildlife Research Unit: University of Arizona, 
Arizona Game and Fish Commission, U.S. Fish and 
Wildlife Service, and the Wildlife Management 
Institute co-operating. 


Mountains in southern Arizona around 
water holes and ranch headquarters from 
September 1, 1955, to December 1, 1956. 
Elder (1956) described the topography, 
climate, and vegetation of this area. 


TRAPPING 


Two types of traps were used for trapping 
peccaries during this study. These were a 
permanent corral trap (constructed around 
a water hole) and a portable aluminum deer 
trap. 

Corral trap—This trap was _ approxi- 
mately 25 feet wide by 27 feet long and 
5.5 feet high at the lowest point. Two sides 
of the trap were built of V-mesh lawn-fence 
wire and steel posts. The other two sides 
were natural rock walls higher than the 
wire fence. One entrance to the trap was 
left open until the peccaries had entered; 
when the peccaries were inside, a gate was 
dropped by means of a long pull-rope. 

Aluminum deer trap—Four aluminum 
deer traps were used for the duration of this 
study. These portable aluminum traps were 
4 feet wide, 9 feet long, and 4 feet high. The 
bait was put inside the open trap, and after 
the peccaries had entered the trap, the ver- 
tical sliding doors were closed by means of 
a trip-wire or pressure-box trigger set off 
by the peccaries. 
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When the peccaries were captured in 
either type of trap, they were driven into a 
portable holding crate constructed of wood. 
The holding crates were 3 feet wide, 4 feet 
long, and 2 feet high. A portable weighing 
crate with scales was used for obtaining 
weights. Weighing crates were 1 foot wide, 
2.5 feet long, and 2 feet high. 

The number of peccaries captured at one 
time varied from one to eight for the per- 
manent corral trap and from one to five 
for the portable deer traps. The corral trap 
was set 17 times, and 34 peccaries were cap- 
tured for an average of 2.0 peccaries per trap 
setting. The portable deer trap was set 201 
times, and 57 peccaries were captured for 
an average of 0.3 peccary per setting. These 
figures include recaptures. 

As the trapping operations proceeded, 
several modifications had to be made in the 
traps in order to prevent the animals from 
escaping or injuring themselves. Because 
adult peccaries were adept at digging with 
their front hoofs, V-mesh lawn-fence wire 
was installed along the bottom of the corral- 
trap fence and buried to a depth of about 6 
inches. Two adult peccaries dug a hole 
about 12 inches deep in hard ground and 
escaped from a deer trap before the wire 
bottoms were installed on these traps. Adults 
became panic-stricken when trapped in the 
corral trap and injured their noses by run- 
ning against the wire sides of the trap. To 
prevent this nose injury, the sides of the 
trap were covered with burlap sacks from 
the ground level to a height of about 2 feet. 
This technique proved to be effective in 
preventing nose injuries. 

Bait—When bait was placed in the 
vicinity of ranch buildings, peccaries be- 
came accustomed to it more quickly than 
when it was put in isolated areas. Four 
bait stations located close to ranch head- 
quarters each required about 2 weeks of 
prebaiting before the peccaries became ac- 
-customed to the bait. Perhaps the reason 
for this difference was that the animals were 
already accustomed to taking garbage near 
the ranches. 

Lettuce leaves and various fruits were 
used as bait in both types of traps, and in 


addition, barrel cactus plants (Ferocactys 

Wislizeni) were split in half and placed jn 

the traps whenever domestic vegetables o; 
fruits were not available. Lettuce leaves 

apples, fresh whole corn, pears, cucumbers, 
and barrel cactus pulp were found to be pre. 
ferred baits for peccaries, and these were 
taken readily after the animals became ac. 
customed to them. Bell peppers, cabbage 
leaves, celery stalks, oranges, tomatoes, 
onions, radishes, turnips, hot peppers, spin- 
ach, and yellow squash were taken when no 
other bait was available. Lemons and grape- 
fruit were not taken readily, and in only 
two known instances were these taken at all 
by peccaries. Prickly pear pads (Opuntia 
Engelmannii) were placed in the traps with 
other baits. Although this plant species was 
the major food item found in the contents 
of 36 stomach samples, the peccaries used 
it very little when domestic foods were avail- 
able at the bait stations. Barrel cactus pulp 
and prickly pear pads were found to be 
satisfactory foods while keeping peccaries 
in the corral trap prior to movement to other 
areas. 

Seasons for trapping.—The best time for 
trapping around water holes was during the 
dry seasons. From September 1955 to 
August 1956, the best months for trapping 
appeared to be October, November, Decem- 
ber, January, May, June, July, and the first 
half of August. The winter rains started in 
February, and trapping success was low 
then and during the following two months. 
The summer rains started during the last 
half of July, and trapping success was low 
from then until about October 1 when it 
again became dry and the animals again 
came to the water holes. 

Recaptures——Of the 87 peccaries cap- 
tured during this study, 23 (26 per cent) 
were marked and released at the trap site 
or in an area where recapture was possible. 
There was a total of eight recaptures of the 
seven animals in later trapping operations. 
The capture-recapture time interval for the 
seven animals ranged from 7 days to 7.5 
months. An adult male captured on Oc- 
tober 16, 1955, at a ranch was taken 6 miles 
north and released at a water hole. It was 
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Fic. 1. 
recovered two times at this water hole with- 
in 8 months. An adult female captured on 
May 27, 1956, was the only one of the re- 
captured animals that showed movement. 
She was recovered 14 mile from the original 
capture site. The remaining six peccaries 
were recaptured at the site where they were 
released. 

Forty-seven (54 per cent) of the 87 pec- 
caries were removed from the trapping area 
(37 were released in other areas and 10 
died). The mortality of these 10 animals 
will be discussed in the section on tagging. 
Seventeen (20 per cent) escaped from the 
traps before they were marked or their sex 
was determined. 

Other mammals trapped.—In addition to 
the 87 peccaries trapped in the course of this 
study, eight deer (Odocoileus hemionus), 
two gray foxes ( Urocyon cinereoargenteus ), 
and one feral cat were taken. Of these, all 
but one were caught in the deer traps. The 
exception was a deer that accidentally 
tripped the trigger at the permanent corral 
trap while apparently attempting to get a 
drink. One old buck was recaptured six 
times in a deer trap baited with lettuce 
leaves within a period of 5 days near a 
ranch headquarters. Sardines and horse 
meat were used as bait when the feral cat 
and two gray foxes were caught. These 
baits were being tested as possible peccary 
baits but were not used after the cat and 





"Method for cies 4 odes peccary for waste nape examination. 


foxes were caught. Lettuce was the bait 
taken by all deer except the one that appar- 
ently came into the corral trap for water. 
Trapping mortality —Of the 10 peccaries 
that died during trapping operations, five 
were old females, three were immature 
males, and two were immature females. 
These immature animals were all about 5 
months of age or slightly younger. Seven 
of the 10 never regained consciousness from 
Nembutal injections, and their deaths were 
probably caused or associated with the 
anesthetic. One young male apparently 
died from exposure, and two old pregnant 
females died from what appeared to be 
exhaustion or shock from handling. 


TAGGING 


After the peccaries were captured, they 
were tagged and examined. They were first 
removed from the trap and put into a 
wooden handling crate. The animals were 
transferred from this crate to a weighing 
crate, or they were taken from the handling 
crate for tagging and examination. 

Handling.—In order to tag and examine 
the captured peccaries, it was necessary to 
find a handling technique that would pre- 
vent the peccaries from being injured dur- 
ing the examination and tagging, and also 
protect the workers from the peccary’s 
canine teeth. A hog snare, consisting of a 
small cable inserted in a hollow pipe with 
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TABLE 1.—REACTIONS OF TRAPPED WiLp PeccariEs TO NEMBUTAL INJECTIONS GIVEN 











INTRAPERITONEALLY 
Sex and Age Dosage in Mgs. per Minutes Required Hours Required 
of Peccary Lb. Body Weight to Anesthetize to Recover Remarks 
Juveniles 
Female 5.7 — 4 
Female 15 7 died 
Male 8.3 10 died 
Female 10.2 5 23.5 still drowsy 
Female 12.3 30 died 
Male 12.9 52-92 died 
Female 18.0 16 175 
Adult Females 
Old 8.9 40-95 died 
Mature 10.7 65 24.5 
Mature 10.7 10 26 
Old 11.1 10 died 
Old 115 65 died 
Mature 13.8 40-50 17 
Adult Males 
Mature 5.4 a — inc. narcosis 
Old 5.4 5 16.5 
Mature 5.7 — -_— inc. nareosis 
Old 10.0 15 25 
Old 10.7 — inc. narcosis 
Old 11.2 15 275 
Old £7 85 24 
Mature 12.6 67 9 still Growsy 
Mature 16.5 25-75 15 





a loop at one end, was built by Ralph Kirk- 
patrick for this purpose. The loop was in- 
serted behind the upper canine teeth of the 
peccary and drawn taut. The animal’s head 
was held in this manner while a second man 
held the peccary down and gave it an injec- 
tion of Nembutal (pentobarbital sodium) 
or Surital (thiamylal sodium), or applied a 
chloroformed cloth to its nose (Fig. 1). 
While the peccary was anesthetized, its ears 
were notched, tagged, and tattooed, its teeth 
were carefully examined, and weights and 
other measurements were also taken. 

Other workers have used drugs for anes- 
thetizing animals for examination and tag- 
ging. Black and Drahos (1956) used ether 
spray on bears; Casebeer et al. (1950) 
found Nembutal to be a successful drug for 
use on mountain goats; Mosby and Cantner 
(1956) tried Avertin as an oral narcosis-pro- 
ducing drug on turkeys, small birds, mam- 
mals and reptiles; Rausch (1947) success- 
fully anesthetized four species of small 
mammals with Nembutal and used chloro- 


form and ether on skunks; and Severinghaus 
(1950) found Nembutal to be a satisfactory 
drug for use on white-tailed deer, especially 
when injected into the saphenous vein. 

The reactions of peccaries to intraperi- 
toneal injections of Nembutal and Surital 
and to chloroform vapors are discussed 
below. 

Nembutal sedation—A total of 22 pec- 
caries were given injections of Nembutal 
(60 mg. per cc.) intraperitoneally. The ani- 
mals became anesthetized within 5 to 95 
minutes and remained so from 4 to 271% 
hours (Table 1). Seven peccaries never re- 
gained consciousness after being injected 
with this drug. 

Surital sedation Because peccaries re- 
mained anesthetized for such a long time 
from Nembutal injections and the mortality 
rate was high, especially in females and 
young animals, a shorter-acting drug, Suri- 
tal, was tried on 11 animals, 40 cc. of water 
being mixed with 1 gm. of powder to give 
25 mg. per cc. of material used. This re- 
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quired between 15 and 60 minutes (Table 
2) for the animals to become anesthetized. 
Only three of the 11 animals became anes- 
thetized enough to be handled without the 
use of the hog snare. This drug comes in a 
powder form without preservatives and 
loses its strength after a period of about 3-4 
weeks when in solution. The three pec- 
caries that were in narcosis were given 
Surital injections a few days after the drug 
was mixed in solution and still at full 
strength. The anesthetization time and the 
recovery time of Surital is more satisfactory 
than Nembutal. Surital solution at full 
strength appears to be a satisfactory sedative 
for peccaries. No mortalities resulted from 
the use of this drug. 

Chloroform sedation.—This sedative was 
given by pouring about 2 cc. of liquid chloro- 
form onto a piece of burlap cloth and hold- 
ing the cloth over the animal's nose. The 
average time for 20 peccaries to become 
anesthetized by this method was 1 minute. 
The peccary could be handled safely for 
from approximately 5 to 15 minutes without 
the additional use of chloroform. When it 
was necessary to keep the peccary sedated 
longer than 15 minutes, more chloroform 
vapors were applied to the peccary’s nose. 
No deaths have resulted from the use of this 
drug on peccaries. The time required for 
chloroform to take effect and the recovery 
time was more satisfactory than it was for 
either Nembutal or Surital. Chloroform 
could also be used with satisfactory results 


on young peccaries under 2 weeks old and 
on old females, and it was the most satis- 
factory of the three drugs used. 


TAGS AND MARKERS 


An aluminum cattle tag with a colored 
plastic disc was attached to the adult pec- 
cary’s ears. A smaller aluminum turkey tag 
was placed on the young peccary’s ears. A 
notch was cut approximately 142 inch deep 
and 14 inch in width on one of the peccary’s 
ears. By using the numbered aluminum 
cattle tag and colored plastic disc, individ- 
ual peccaries could be identified in the field. 
Testor’s paint was tried on 15 of the trapped 
animals. Areas painted were back, hip, and 
sides. Eight adults and one young peccary 
were branded on the side with a cold 
chemical brand. Branding areas were pre- 
pared by clipping bristles down to the skin, 
and a branding iron made of heavy wire 
was used to apply the chemical solution to 
the peccary’s skin. 

From information collected during the 
February 1956 peccary hunt and from field 
observation, tentative conclusions on the 
effectiveness of five marking devices have 
been obtained. 

Aluminum cattle tag with attached plastic 
disc—The aluminum cattle tag with at- 
tached plastic disc appears to be the best 
device of the five used. Thirteen field obser- 
vations of tagged wild peccaries and two 
penned animals showed no loss of cattle 
tags. The two penned peccaries lost the 


TABLE 2.—REACTIONS OF TRAPPED WILD PECCARIES TO SURITAL INJECTIONS GIVEN INTRAPERITONEALLY 











Sex and Age Dosage in Mgs. per Minutes Required Hours Required 
of Peccary Lb. Body Weight to Anesthetize to Recover Remarks 
Juveniles 
Female 4.0 — — inc. narcosis 
Female 4.1 60 12 
Adult Females 
Mature 2.8 — — inc. narcosis 
Mature 3.4 20 LS 
Old my 15 2 
Mature 4.0 — — inc. narcosis 
Mature 4.1] — — inc. narcosis 
Mature 4.4 — inc. narcosis 
Mature 6.4 — — inc. narcosis 
Adult Males 
Mature a — — inc. narcosis 


] 
Mature 6.7 — 


— inc. narcosis 
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attached plastic disc between 3 and 314 
months. An adult animal tagged on No- 
vember 12, 1955, had lost the plastic disc 
by December 6, 1955. However, in all three 
animals, the cattle tags were still attached 
to the ears. The time interval between tag- 
ging date and observation date ranged from 
5 days to 3 months and 20 days. 

Notched ear.—In four peccaries examined 
that had been previously ear-notched, the 
notched area had healed completely, and 
no infection was present. This device of 
marking is a permanent and effective mark- 
ing method on adult peccaries. The notched 
area, however, is too small to be seen under 
ordinary field conditions for individual pec- 
cary identification. 

Tattoo.—Each peccary’s ear was tattooed 
with either two or three numbers, and black 
India tattooing ink was rubbed into the 
holes left by the tattoo die. In one peccary 
examined 5 days after and two peccaries 
examined 2 months after tattooing, none of 
the numbers was legible. This method 
proved to be unsuccessful as a marking 
device and may have failed because the 
color of the ink was too dark. A white ink 
may give a more vivid contrast with the 
dark skin of the peccary’s ear. 

Paint——Blue, red, and yellow Testor’s 
paint was used on 15 trapped animals. In 
six peccaries reexamined for effectiveness 
of paint as a marking device, the results 
showed that paint was effective under field 
conditions for about 1 month. 

Chemical brand.—The chemical solution 
proved to be unsatisfactory as a field mark- 
ing device because the peccary’s bristles 
grew back over the branding area and 
caused the brand to become obscure be- 
tween 1 and 2 months after branding. It 
can be used as a temporary field marker but 

should not be depended on for more than a 
month under field conditions. 
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SUMMARY 


Two different traps were used to capture 
collared peccaries between September 1955 
and November 1956. Lettuce leaves, apples, 
fresh whole corn, pears, cucumbers, and 
barrel cactus pulp were found to be the 
most successful baits. The best time for 
trapping was during the dry seasons when 
the animals were coming in for water, 
Ninety-one peccaries (including eight re- 
captures ), eight deer, two gray foxes, and 
one feral cat were trapped in this study, 
Three sedatives were used to anesthetize 
peccaries for examination and _ tagging. 
Chloroform was the most satisfactory. Five 
marking devices were tested for durability 
and effectiveness under field conditions. 
The aluminum cattle tag with attached 
plastic disc was the best. 
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MIGRATION OF LANDLOCKED SALMON IN THE 
FISH RIVER LAKES, MAINE’ 


Kendall Warner 


Maine Department of Inland Fisheries and Game, Augusta, Maine 


The availability of adequate spawning 
grounds has long been recognized as a vital 
problem in the management of Maine’s 
landlocked salmon lakes. Lake inventories, 
conducted since 1950, have emphasized the 
fact that available spawning areas for many 
lakes are limited largely to outlet streams. 
Landlocked salmon (Salmo salar) in many 
lakes appear to prefer outlet-spawning 
areas, even though apparently suitable 
gravel riffles are available in inlets. A 
serious fishery problem has been created 
where man-made dams without adequate 
fishways have been built at lake outlets. 
Salmon commonly drop downstream over 
these dams during the fall spawning runs, 
but neither the kelts nor their young can 
return upstream over the impassable bar- 
riers to contribute to the lake fishery. In 
many lakes, outlet dams have been screened 
to prevent emigration of spawning salmon. 
This practice has led to screening of many 
lakes without outlet dams by individuals 
fearful that outlet-spawning salmon would 
not return. Important spawning areas have 
been made unavailable. This paper pre- 
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sents data testing the hypothesis that the 
majority of outlet-spawning salmon will 
return upstream to contribute to a lake 
fishery if proper facilities are provided. 


Stupy AREA 


The Fish River Chain of Lakes in north- 
ern Aroostook County offered a unique op- 
portunity for study of the migratory habits 
of a well-established salmon population that 
supports an important fishery. Biological 
inventories in 1953 (Everhart, et al., 1954) 
revealed that most of the eight lakes in the 
chain were ideal salmon habitat with un- 
usually good salmon spawning and nursery 
areas located in the broad, river-like 
thoroughfares connecting the lakes. This 
is one of the few areas remaining in Maine 
where a chain of large, cold-water lakes 
remains unobstructed by habitat-altering 
dams. 

Salmon were first introduced in the Fish 
River Chain about 1894 (Anonymous, 1894), 
and populations were quickly established. 
An outstanding salmon fishery has con- 
tinued through the years. The excellent 
quality of the natural spawning areas is one 
of the primary reasons for the rapid estab- 
lishment of this species. 

The Fish River Lakes are the major 
waters of the Fish River watershed, an im- 
portant subdrainage of the St. John River 
system. The Fish River watershed has a 
drainage area of about 890 square miles 
(State of Maine, 1914). The river drops 100 
feet from its source at Fish River Lake to 
the mouth at Fort Kent, a distance of 56 
miles. 

Lakes in the chain are mostly of the 
oligotrophic type, although two lakes have 
a maximum depth of less than 25 feet and 
are homothermous. Surface-water tempera- 
tures seldom exceed 70°F. for extended 
periods of time. The lakes range in size 
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from 972 to 8,160 acres and in maximum 
depth from 20 feet to 165 feet (Everhart, 
et al., op. cit.). The watershed is largely 
forested land, although some of the land 
surrounding Long Lake and Eagle Lake 
is intensively farmed. 

Cross Lake Thoroughfare, the tagging 
location for this study, is typical of the 
salmon-spawning grounds in the area. The 
stream is 1 mile in length with an average 
width of about 60 feet. Shallow riffle areas 
are predominant. Several pools and dead- 
water sections serve as resting areas for 
spawning salmon. The minimum summer 
flow is about 10 cubic feet per second. 
Stream temperatures seldom exceed 75°F. 


METHODs OF TAGGING AND RECOVERY 


Method of Tagging 


Twelve hundred and thirty-nine land- 
locked salmon were tagged with a num- 
bered, circular Monel-metal strap tag 
fastened around the left mandible. All fish 
were anesthetized in a solution of urethane 
(17 grams per gallon) to facilitate proces- 
sing. Total-length measurements, weights, 
and scale samples were secured from all 
salmon tagged. 

All salmon were taken from the spawning 
runs at Cross Lake and Long Lake thorough- 
fares during October and November of 
1953, 1954, and 1955 (Fig. 1). The salmon 
were taken in collaboration with the Hatch- 
ery Division of the Maine Department of 
Inland Fisheries and Game, coincident with 
the annual spawn-taking operations in the 
area. 

Salmon captured during the fall seasons 
of 1953 and 1954 were secured by seining 
operations in both Cross Lake Thorough- 
fare and Long Lake Thoroughfare. Salmon 
were taken in 1955 by means of two 6-foot 
trap nets and supplemental seining. One 
trap net was installed at the mouth of Cross 
Lake Thoroughfare to take salmon moving 
upstream to the spawning grounds, and 
another was operated about a mile above, 
at the beginning of fast water, to trap down- 
stream migrants from Long Lake and Mud 
Lake. 


Method of Recovery 


Reporting of tagged fish caught }y 
anglers was largely on a voluntary basis 
An intensive publicity campaign was under. 
taken in the early spring of 1954 and was 
continued in 1955 and 1956. Stories were 
carried in all local newspapers, and several 
radio interviews were held. The coverage 
included most of the northern one-third of 
the state. 

Posters and leaflets describing the pu. 
poses of the study and information that 
should be included with returned tags were 
given wide distribution. Information re. 
quested included date of capture, location, 
tag number, and, if possible, total length, 
weight, and a scale sample. Sporting-goods 
stores, fish and game clubs, sporting-camp 
operators, and various local merchants were 
alerted on details of the tagging program 
and were asked to display a descriptive 
poster. Members of the Maine Warden 
Service were extremely helpful in collecting 
tag-return data. Several local merchants 
and sporting-camp operators volunteered 
to accept tagged-fish reports from anglers 
and to keep appropriate records. 

At the close of the 1956 fishing season, the 
Aroostook Federation of Fish and Game 
Clubs sponsored a drawing for lucky tag 
numbers. Prizes of fishing tackle were 
donated by local merchants. This drawing 
helped considerably in spurring voluntary 
returns in some localities. 

Tagged salmon were recaptured on the 
spawning grounds in 1954, 1955, and 1956. 
All recoveries in 1954 were made by seining. 
Recoveries in 1955 and 1956 were made by 
the trap nets previously described and by 
supplemental seining. 


RECOVERY OF TAGGED FIsH 


During the open-water fishing seasons of 
1954, 1955, and 1956, 229 (28 per cent) of 
the 811 salmon tagged in 1953 and 1954 
were reported caught by anglers (Table 1). 
Angler recoveries for the 1957 season are 
not included in this paper. One hundred 
twenty-seven (16 per cent) others were 
recaptured only on the spawning runs (18 
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fish were taken on the spawning run and 
later caught by anglers). This represents 
a total recovery of 44 per cent of the salmon 
tagged in the 2 years. 

The angler recovery of 28 per cent is not 
intended to include a complete record of all 
tagged fish caught by anglers, as only about 
80 per cent of the tagged fish captured were 
reported by anglers. If the 80 per cent re- 
covery is approximately correct, it would 


Distribution of angler recaptures of tagged salmon for 
lakes of the Fish River Chain. Encircled numbers represent number of recaptures. 


1954, 1955, and 1956 in the lower six 


mean that exploitation of tagged salmon 
probably approached 35 per cent, a moder- 
ately high rate for the size of the waters 
involved. 

DeRoche and Bond (1957) found that, 
in the 2 years following tagging, anglers 
caught 34 per cent of adult lake trout 
(Cristovomer namaycush) tagged on the 
spawning grounds at Cold Stream Pond, 
Maine. Eschmeyer, et al. (1953), con- 
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TaBLE 1.—RECOVERIES FROM LANDLOCKED SALMON TAGGED ON THE SPAWNING RUN AT Cross Lake 
AND LonGc LAKE THOROUGHFARES, 1953 AND 1954 








Age at Tagging 














Ill IV V VI VII VIII All Ages 
1953 TaccInG 
Number tagged 37 238 112 41 22 6 456 
Angler catch—1954 13 51 21 7 5 0 97 
1955 0 32 6 3 1 0 42 
1956 0 3 1 0 0 0 4 
Total angler recoveries 13 86 28 10 6 0 143 
Percentage of age group harvested 35 36 25 24 27 0 31 
Spawning run—1954 2 9 9 1 2 1 24 
1955 2 27 15 5 1 0 50 
1956 0 0 1 0 0 1 2 
Total spawning run recoveries 4 36 95 6 3 2 76 
Total net recoveries 17 116 47 16 8 2 206" 
Total percentage recovered 46 49 42 39 36 33 45 
1954 Taccinc 
Number tagged 71 139 83 43 14 5 355 
Angler catch—1955 10 27 18 4 4 0 63? 
1956 6 10 6 0 0 1 23 
Total angler recoveries 16 37 24 4 4 1 86 
Percentage of age group harvested 23 27 29 9 29 20 24 
Spawning run—1955 8 8 7 9 0 0 32 
1956 8 18 5 6 0 0 37 
Total spawning run recoveries 16 26 12 15 0 0 69 
Total net recoveries 31 61 36 17 4 1 150° 
Total percentage recovered 44 44 43 40 29 20 42 





1 Discounts double recaptures. 
* Four unaged fish are not included. 


sidered an angler recovery of 21 per cent 
for tagged lake trout in Lake Superior to 
be an indication of a moderately high rate 
of harvest. Smith, et al. (1952), found that 
16 per cent of the walleyes (Stizostedion 
vitreum) tagged in Red Lakes, Minnesota, 
were caught by anglers and commercial 
fishermen. Carbine and Applegate (1948) 
reported an angler recovery of 27 per cent 
of tagged northern pike (Esox lucius) in 
Houghton Lake, Michigan, which the au- 
thors considered to be fished intensively. 
Recoveries from the 1953 Tagging 

Of the 456 salmon tagged in the fall of 
1953, 206 were recovered either by anglers 
or on the spawning run in subsequent years. 
This represents a surprisingly high recovery 
of 45 per cent of the kelts tagged. Some 
individuals were recaptured on the spawn- 
ing grounds in several different years, or 
recaptured on the spawning grounds and 
later caught by anglers. These duplicate 
recaptures are not included in the above 


percentage. Anglers caught 31 per cent of 
the tagged kelts, while 14 per cent were 
recaptured only on subsequent spawning 
runs. 

Of the angler-caught salmon, 68 per cent 
were taken the first season following tag- 
ging, 29 per cent during the second season, 
and only 3 per cent were taken the third 
fishing season after tagging (Table 1). 

The salmon recaptured by anglers in 1956 
were ages [V+ and V+ at tagging, and ages 
VII+ and VIII+ when recaptured. Salmon 
catch in the Square Lake fishery, according 
to 1954 creel-census data, was composed al- 
most entirely of salmon less than age VII 
(Warner, 1955). While there was a trend 
toward a higher percentage of returns from 
the younger age groups in the study (Table 
1), the difference was not as great as might 
have been expected. 


Recoveries from the 1954 Tagging 
Three hundred fifty-five salmon kelts 
were tagged on the spawning run in the fall 
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TaBLE 2.—SUMMARY OF LANDLOCKED SALMON MIGRATION IN THE FisH RIvER CHAIN OF LAKEs, 
BASED ON TaG RECOVERIES IN 1954, 1955, anv 1956 








Upstream Migration 


Downstream Migration 








—_— Recoveries Recoveries Recoveries Recoveries Recoveries Recoveries 

Year from 1953 from 1954 from 1955 from 1953 from 1954 from 1955 
Recovered Tagging Tagging Tagging Tagging ~ Tagging Tagging 
Anglers 

1954 62(64)) ~ 35 (36) - - 

1955 24 (57) 41 (61) —- 18 (43) 26 (39) — 

1956 1 (25) 12 (52) 17 (68) 3 (75) 11 (48) 8 (32) 
Spawning run 

1955 33 (66) 25 (78) — 17 (34) 7 (22 on 

1956 1 (50) 32 (87) 4 (100) 1 (50) 5 (13) 0 (0) 





1 Figures in parentheses represent percentages of totals. 


of 1954. The total recovery of 42 per cent 
was very similar to that from the 1953 
tagging. Anglers reported capturing 24 per 
cent of all kelts tagged, while 18 per cent 
were recaptured only on the spawning run 
in 1955 and 1956. 

Of the tagged salmon caught by anglers, 
73 per cent were taken during the first fish- 
ing season after tagging, and 27 per cent 
were taken the second season following 
tagging. 

The trend of total recaptures both by 
anglers and on the spawning run for each 
age group is very similar for both the 1953 
and 1954 taggings (Table 1). 


MIGRATION OF TAGGED SALMON 


Direction of Migration 


All tagged salmon were released in Cross 
Lake Thoroughfare after completion of 
spawn-taking operations. The majority of 
these salmon had been captured at Cross 
Lake Thoroughfare, but some were taken 
in Long Lake Thoroughfare. Preliminary 
analysis of the age and growth and tag-re- 
turn data indicated that the Long Lake 
Thoroughfare run was very similar in char- 
acteristics to the run moving downstream 
into upper Cross Lake Thoroughfare. This 
suggests that both groups were probably 
primarily of Long Lake origin. Origin, as 
used in this paper, refers to the lake of 
residence from which the adult salmon 
migrated to reach the spawning grounds. 
Mud Lake is shallow borderline salmon 
habitat probably supporting a very small 


resident salmon population. It is inhabited 
by salmon during early spring and late fall 
and serves chiefly as a resting and feeding 
area for salmon traveling to and from the 
spawning grounds. It is probable, too, that 
many of the salmon taken in the short 
borderline habitat of Long Lake Thorough- 
fare would have eventually dropped down 
through Mud Lake into the more suitable 
spawning areas of Cross Lake Thorough- 
fare. Spawning-run tag recaptures indi- 
cated considerable intermixing of the two 
groups. For these reasons, combination of 
the two groups appears to be justified, con- 
sidering that all salmon were released in the 
same location after spawning. 

Tagged salmon were recaptured both by 
anglers and on the spawning run in 1954, 
1955, and 1956. Analysis of these recoveries 
provided evidence of direction of migration 
of tagged salmon following spawning. Data 
on magnitude of the runs from upstream 
and downstream origin were secured in 
1955 and 1956. Comparison of these figures 
provided an estimate of downstream migra- 
tion following spawning. Unfortunately, di- 
rection of migration of individual fish into 
the spawning grounds could not be deter- 
mined for salmon tagged in 1953 and 1954 
because of difficulty of trap netting caused 
by water conditions. 

Angler returns, 1954-56.—Recapture of 
tagged salmon by anglers during the first 
season following tagging would appear to 
give the most accurate picture of migration 
immediately following spawning (Table 2). 
The percentage of upstream (61-68) and 
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downstream (32-39) migrants the first year 
after tagging is very similar for the 3 years 
of tagging. A combined weighted estimate 
of 64 per cent upstream migration and 36 
per cent downstream migration of kelts 
following spawning has been calculated for 
Ist-year angler returns. Application of bi- 
nomial confidence intervals at the 95 per 
cent level of probability (Snedecor, 1956) 
indicates that the true percentage of up- 
stream migration for these data will be 
between 56 and 71 per cent. Heavier fishing 
pressure in Long and Mud lakes could ex- 
plain the greater upstream returns. How- 
ever, continued observations indicate that 
effects of differential fishing pressure is 
probably negligible, since intensity of fish- 
ing pressure in upstream and downstream 
lakes is of the same general magnitude. 

Spawning-run recaptures, 1955-56.—Trap 
netting of the spawning run in 1955 and 
1956 permitted another evaluation of the 
direction of migration following spawning. 
Traps were operated to capture ripe salmon 
migrating to the spawning grounds from 
both upstream and downstream directions. 
Capture of tagged salmon moving up would 
indicate that these fish had dropped down- 
stream as kelts, and were returning from 
that direction, as mended kelts, to spawn 
again. Likewise, salmon trapped moving 
down were assumed to have traveled up 
after spawning. 

Direction of travel, as determined from 
spawning-run recaptures, compares closely 
with the distribution of angler recaptures, 
although percentage of upstream migration 
was somewhat greater, based on spawning- 
run returns, than was indicated by angler- 
recovery data. 

Fifty mended kelts of the 1953 tagging 
returned to the spawning grounds in 1955. 
Of these salmon, 66 per cent had moved 
upstream following spawning. Thirty-two 
salmon of the 1954 tagging returned to the 
spawning grounds in 1955. Of these, 78 per 
cent had moved upstream after spawning. 
Thirty-seven salmon that were tagged in 
1954 returned to spawn again in 1956. Of 
these, 87 per cent had traveled upstream 
after spawning (Table 2). 





Spawning migration of untagged mj. 
grants.—During the 3 years in which salm. 
on were tagged (1953, 1954, and 1955), it 
was possible only in 1955 to identify jngj. 
vidual fish tagged with direction of origin, 
Water conditions during the 1953 and 1954 
runs did not permit operation of adequate 
trapping gear. Traps operated in 1955 and 
1956 permitted enumeration of both tagged 
and untagged salmon moving into the 
spawning grounds from both directions 
Since direction of migration following 
spawning is presumed to be directly related 
to direction of origin, pertinent data for un. 
tagged migrants in the 1955 and 1956 runs 
are presented for comparison in Table 3. 


TABLE 3.—DIRECTION OF ORIGIN OF UNTAGcEp 
LANDLOCKED SALMON TRAPPED MOVING INTO THE 
SPAWNING GROUNDs IN 1955 AND 1956 














Origin in Origin in 
Year of Upstream Lakes Downstream Lakes 
Spawning 

Run Number Percentage Number Percentage 

1955 242 68 116 32 

1956 210 76 65 24 





These figures are not directly comparable 
to tag-return figures for other years, but 
the data appear to support percentages of 
upstream and downstream migrants derived 
from angler and spawning-run returns of 
tagged salmon (Table 2). 

Returns from the 1955 tagging.—As men- 
tioned previously, it was possible to ascer- 
tain direction of origin of spawning salmon 
only for the 1955 tagging. This group has 
not been included in much of the sum- 
marized data. 

Eight salmon taken on the 1956 spawning 
run had been trapped moving to the spawn- 
ing grounds the previous fall. Four of these 
were newly tagged in 1955. All four were 
trapped in 1956 returning from the same 
direction from which they had come the 
previous year. These fish had moved back 
upstream in the direction of their origin, 
and were trapped moving downstream to 
the spawning grounds again in 1956. Three 
salmon that had been previously tagged in 
1954 were caught moving downstream into 
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the spawning grounds on the 1955 run. 
These fish returned upstream to “home” 
waters and were trapped migrating down to 
the spawning grounds again in 1956. One 
salmon, tagged in 1954, was taken moving 
upstream in 1955. This fish apparently con- 
tinued upstream after spawning since it was 
taken moving downstream to spawn in the 
fall of 1956. 

In summary, of these eight salmon, seven 
originated in upstream lakes and returned 
there following spawning. One fish pre- 
sumably originated from a downstream lake, 
but continued upstream after spawning in 
1955. 

TABLE 4.—SUMMARY OF MIGRATION OF ANGLER- 
CAUGHT SALMON OF THE 1955 TAGGING OF KNOWN 
DIRECTION OF ORIGIN 


(Percentages are in parentheses ) 














Origin Returned to Origin Did Not aeturn to Origin 
Upstream 14 (50) a (25) 
Downstream 5 (18) 27) 

Totals 19 (68) 9 (32) 





Twenty-eight salmon that migrated from 
known directions on the 1955 spawning run 
were caught by anglers in 1956 (Table 4). 
Thirty-two per cent of these did not return 
in the direction of their origin, but consid- 
ering upstream recruitment, there was a net 
downstream migration of only 18 per cent. 

Composite estimates of upstream and 
downstream migration.—Considering the 
data in Table ‘2 and the foregoing sum- 
maries, it is possible to combine the data 
on migrational direction secured from both 
angler and spawning-run recaptures into a 
composite estimate of upstream and down- 
stream migration. 

Records were secured for 383 migrants 
following spawning: 252 salmon moved up- 
stream, and 131 moved downstream. This 
represents a composite estimate of 66 per 
cent for salmon migrating upstream and 
34 per cent for salmon migrating down- 
stream following spawning. Calculation of 
95 per cent binomial confidence intervals 
(Snedecor, op. cit.) for the combined data 
show that the true percentage of upstream 
migrants will lie between 60 and 72. 


If the numbers of untagged migrants 
moving from each direction are of a similar 
magnitude for various years (Table 3), a 
composite estimate of the percentage of 
salmon originally coming from each direc- 
tion could be calculated. 

Of the 633 untagged salmon trapped 
moving to the spawning grounds in 1955 
and 1956, 452 were moving from upstream 
lakes and 181 were moving from down- 
stream lakes. A combined estimate indi- 
cates that 71 per cent of the salmon origi- 
nated from upstream lakes and 29 per cent 
from downstream lakes. Comparing esti- 
mate of origin (71 per cent upstream) with 
the composite estimate of return (66 per 
cent upstream ), a difference of 5 per cent 
net downstream migration is obtained. If 
these comparisons are valid, an insignifi- 
cant loss from the management point of 
view is indicated. 

Direction of migration following spawn- 
ing may have been influenced to some de- 
gree by holding salmon in live boxes up to 
3 weeks prior to spawn-taking operations. 
It is possible that some fish may have been 
in a weakened condition after prolonged 
holding. Any bias introduced would prob- 
ably result in an above-normal downstream 
migration. Thus, estimates of upstream mi- 
gration should be considered conservative. 

Distance of migration—Recapture loca- 
tion of tagged salmon kelts was recorded by 
many anglers. Although there are bound to 
be some inaccuracies in such voluntary re- 
ports, most are believed to be accurate 
within 14 mile. Location of recapture is 
available for 133 upstream migrants and 98 
downstream migrants. A summary of dis- 
tances traveled by each group for three 
fishing seasons (1954, 1955, and 1956) is 
presented in Table 5. 

Maximum possible upstream migration is 
about 14 miles, measured as a straight-line 
route of travel. This is the distance from 
Cross Lake Thoroughfare, the tagging sta- 
tion, to the northern extremity of Long 
Lake. Upstream recaptures were widely 
dispersed in all sections of Long Lake (Fig. 
1). There was a tendency, however, toward 
grouped returns in favorite fishing areas. 
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TABLE 5.—SuMMaRY OF DiIsTANCES TRAVELED BY UpsTREAM AND DowNsTREAM LANDLOCKED SALMoy 
MIGRANTS FOLLOWING SPAWNING, 1954-56 








Distance Traveled in Miles 








Type of 

Migrant 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 Over 16 Total 
UPSTREAM 

Number 16 40 16 35 11 14 1 — — 133 

Percentage 12 30 12 26 8 1l 1 — — 100 
DOWNSTREAM 

Number 26 10 28 17 8 1 1 3 4 98 

Percentage 27 10 29 17 8 1 1 3 4 100 





Distribution of angler recaptures in all cases 
is probably influenced to some extent by 
distribution of fishing pressure within in- 
dividual lakes. The high percentage of re- 
coveries from 2 to 4 miles upstream from the 
tagging point was caused primarily by the 
sizable early-spring catch of kelts in the 
eastern part of Mud Lake; these were pre- 
sumably on their way back to Long Lake 
(Fig. 1). Over 80 per cent of upstream 
angler recaptures were made within 8 miles 
of the tagging point. This figure is strongly 
influenced by early-season catches in Mud 
Lake and lower Long Lake. 

Possible downstream-migration distance 
is practically unlimited. However, no salm- 
on were reported caught outside the Fish 
River Chain of Lakes, and few were caught 
more than 16 miles from the tagging point. 
Tagged salmon were caught in six of the 
eight lakes of the chain, but recaptures were 
predominately in two lakes. Over 90 per 
cent of the downstream tag recaptures were 
caught less than 10 miles from the tagging 
point (Table 5). This figure is influenced 
strongly by the majority catch from Cross 
Lake and Square Lake. The high percent- 
age of downstream migrants caught within 
2 miles of the tagging point is due primarily 
to the early-spring catch at the mouth of 
Cross Lake Thoroughfare (Fig. 1). 

Longest recorded migration of a tagged 
salmon kelt was 27 miles, traveled by a fe- 


‘ male salmon, from Cross Lake Thorough- 


fare to the head of St. Froid Lake. This 
salmon traveled through Cross Lake, Square 
Lake, Eagle Lake, and St. Froid Lake be- 
fore arriving at the location of capture. A 
tagged male kelt was caught near Eagle 


Lake outlet in late April 1955, before the 
lake was completely clear of ice. This 
salmon, tagged the previous fall, had moved 
22 miles trom the tagging location either 
immediately before or during the winter 
freeze-up period. 

Bond (1953) has recorded downstream 
migration of 45 miles for two landlocked 
salmon from Cold Stream Pond, Maine. 


SEASONAL DISTRIBUTION OF ANGLER 
RECOVERIES 


The seasonal catch of tagged salmon by 
anglers during the three fishing seasons of 
the study follows closely the pattern of 
early-spring salmon fishing in most Maine 
salmon lakes. Most of the tagged salmon 
were caught during the spring months 
(Table 6). This coincides with the peak 
salmon-fishing period in Maine salmon 
lakes. Eighty per cent of the tagged salmon 
caught by anglers were taken during April, 
May, and June. Over 50 per cent of the 
salmon were caught in the month of May 
alone. The presence of little ice-free fishing 
water in April resulted in few returns until 
late in the month. The poorest months for 
tag recoveries were August and September. 

Virtually the entire catch of tagged salm- 
on (96 per cent) was made in Long Lake, 
Mud Lake, Cross Lake, and Square Lake 
(Table 6). Small numbers of salmon were 
caught in Eagle Lake and St. Froid Lake. 
No tagged salmon were taken in Portage 
Lake or Fish Lake. 

Catches of tagged salmon in Cross Lake 
and Mud Lake were made primarily during 
the early spring-fishing period. Midsummer 
returns occurred more commonly in Long 
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TaBLE 6.—ANGLER RECOVERIES OF TAGGED SALMON By MontTH, FisH RIVER CHAIN OF Lakes, 1954-56. 








Number of Recoveries by Month 





Where 








Recovered April May June July August September Re oll oo 2 
Long Lake 3 40 38 17 3 = 106 4l 
Mud Lake 10 | 0 1 0 3 51 20 
Cross Lake 5 21 2 5 i 0 34 13 
Square Lake 0 34 ll 2 6 5 58 23 
Eagle Lake 1 2 1 y? 1 1 8 3 
St. Froid Lake 0 1 0 0 0 0 i — 
Total number 19 135 52 Pi i 14 258 — 
Percentage of total 7 52 20 ll 4 5 o— 100 





Lake and Square Lake. Cross Lake and 
Mud Lake are more borderline in water 
quality characteristics than the other waters 
in the Fish River Chain (Everhart, et al., 
op. cit.). The decrease in summer catch in 
these waters presumably reflects movement 
of salmon to cooler waters with the onset of 
warmer water temperatures in these homo- 
thermous lakes. The few salmon caught in 
midsummer were taken exclusively at the 
mouths of tributaries. 

These data indicate that the foci of the 
salmon populations that spawn in Cross 
Lake and Long Lake thoroughfares are lo- 
cated in the two oligotrophic waters, Long 
Lake and Square Lake. The populations 
apparently disperse in the spring and fall 
to seasonal habitat. The several tagged 
salmon taken in St. Froid Lake and Eagle 
Lake can probably be classified as “strays.” 
The small numbers taken in these waters, 
compared with the relatively large numbers 
taken in adjoining Square Lake, would ‘seem 
to indicate little intermixture of salmon 
populations between the eastern and west- 
ern lakes of the chain (Fig. 1). 

Longest recorded time at large during 
the study was 36 months for two salmon 
tagged on the 1953 spawning run and re- 
captured on the 1956 spawning run. 


MANAGEMENT IMPLICATIONS 


The data presented here provide evi- 
dence that the majority of landlocked 
salmon that spawn in lake outlets will re- 
turn upstream to “home” waters after spawn- 
ing. These data refute the stand of indi- 


viduals who contend that outlet spawners 
drop downstream, and never return to con- 
tribute to the lake fishery. The situation 
reported in this paper may differ somewhat 
from the more usual case where a salmon 
lake discharges directly into a large river 
system. The present situation describes a 
chain of interconnected lakes, all of which 
contain at least seasonal lake habitat for 
salmon. In many Maine waters, only river 
habitat is available to salmon that drop 
downstream from their outlet spawning 
grounds. In the more usual situation, re- 
turn of outlet spawners to the lake fishery 
could be even greater than in the Fish River 
Chain. 

Bond and DeRoche (1956) tagged land- 
locked salmon spawners at the outlet of 
Cold Stream Pond, Maine, over two spawn- 
ing seasons. Of 150 adult salmon tagged, 
96 returned upstream to the lake after 
spawning. This represents an average re- 
turn of 64 per cent of the outlet spawners 
to the lake. 

Misunderstanding and lack of knowledge 
concerning the reproduction and migration 
habits of Maine salmon in past years has led 
to unfortunate mistakes in management. 
Installation of fish screens at lake outlets 
has been widespread and has caused in- 
calculable harm to salmon fisheries by pre- 
venting adult salmon from descending into 
outlet streams to spawn. Prior to 1950, fish 
screens were a common sight at the outlet 
of many of Maine’s finest salmon lakes. 
Recent research findings (Bond and De- 
Roche, op. cit.; Warner, this report) and 
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lake-inventory recommendations have done 
much to rectify past mistakes. 

An 800-foot screen built at Eagle Lake 
outlet washed out in 1951 and was not re- 
placed. Observations in the fall of 1953 re- 
vealed that substantial numbers of salmon 
spawners were again utilizing the outlet. 
The outlet stream now abounds with salmon 
parr. 

Migrational data summarized in this re- 
port emphasize the importance of provid- 
ing adequate fishways in dams located at 
the outlets of cold-water lakes where salmon 
utilize the outlet stream for spawning. These 
data indicate that the majority of the outlet 
spawners will return upstream to contribute 
to the lake fishery if facilities are provided. 
Otherwise, an important segment of the sal- 
mon population will be lost to the lake fish- 
ery. 


SUMMARY 


During the years of 1953 to 1955, 1,239 
landlocked salmon were tagged on the 
spawning run in the Fish River Chain of 
Lakes in Maine to test the hypothesis that 
the majority of salmon spawning in outlets 
will return to the lake of their origin. Tags 
were recovered through voluntary angler 
reports and recaptures on the spawning 
grounds. Angler reports were believed to 
be about 80 per cent complete. During the 
open-water fishing seasons of 1954, 1955, 
and 1956, 229 (28 per cent) of the 811 sal- 
mon tagged in 1953 and 1954 were reported 
caught by anglers. Total recoveries both by 
anglers and on the spawning run were as 
high as 45 per cent (1953 tagging). High 
percentages of the angler recoveries were 
obtained during the first season after tag- 
ging. 

Angler recoveries during the first year fol- 
lowing tagging showed that an average of 
64 per cent of the tagged kelts moved up- 
stream after spawning, the confidence lim- 
its being 56 to 71 per cent, while 36 per cent 
moved downstream. Twenty-eight salmon, 
migrating from known directions on the 
1955 spawning run, were caught by anglers 
in 1956. Nine of these salmon (32 per cent), 
tagged as kelts, did not return in the direc- 


tion of their origin, but there was a ne 
downstream migration of five salmon (18 
per cent). A combined estimate, using all 
migrational data, showed that an average of 
66 per cent of the salmon kelts moved up- 
stream and that 34 per cent moved dowp. 
stream following spawning. If the numbers 
of untagged migrants moving from either 
direction is of the same relative magnitude 
for various years, an average of 71 per cent 
originated from upstream lakes and 29 per 
cent from downstream lakes. This results jp 
an estimate of 5 per cent downstream ni- 
gration of salmon of upstream origin. 

Over 80 per cent of the upstream angler 
recaptures were taken within 8 miles of the 
tagging point, and over 90 per cent of the 
downstream recaptures were caught less 
than 10 miles from the tagging location. The 
longest recorded migration was to the head 
of St. Froid Lake, 27 miles from the tagging 
point. 

Eighty per cent of the tagged salmon 
caught by anglers were taken during April, 
May, and June. Over 50 per cent of the sal- 
mon were caught in the month of May 
alone. Virtually the entire angler catch of 
tagged salmon was made in four lakes, and 
little intermixture to other waters was ap- 
parent. The longest recorded time at large 
for a tagged salmon during the study was 36 
months. 

These migrational data provide evidence 
that the majority of outlet salmon spawners 
will return to “home” waters following 
spawning and emphasize the importance of 
fishways in dams at the outlets of salmon 
lakes. 
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BREEDING SEASON IN ELK AS DETERMINED FROM 
KNOWN-AGE EMBRYOS' 


John A. Morrison,” Charles E. Trainer,’ and Philip L. Wright 


Montana Cooperative Wildlife Research Unit, and Department of Zoology, 
Montana State University, Missoula 


The time of mating and the characteristics 
of prenatal development of big game species 
are aspects of wildlife biology that have 
received increased attention in recent years. 
Altmann (1956) has speculated that hunting 
may interfere with the normal progress of 
breeding in elk (Cervus canadensis nelsoni ) 
in such a way as to decrease productivity. 
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Variations in the average breeding dates for 
several Columbian black-tailed deer and 
mule deer (Odocoileus hemionus spp.) 
herds in California were found by Bischoff 
(1957), who indicated that hunting activity 
may delay breeding by some doe deer. 
Variations in the peak of breeding by dif- 
ferent age classes of females within a deer 
herd have been noted by Cheatum and 
Morton (1946) and by Taber (1953). 
Studies of such problems require a knowl- 
edge of prenatal growth and development 
for the species concerned. This knowledge 
can be obtained from known-age embryos 
taken from females bred under observation 
and sacrificed at dates chosen to provide the 
desired embryonic ages. This technique is 
well known in studies of domestic animals, 
such as the pig (Warwick, 1928), sheep 
(Winters and Feuffel, 1936), and cow 
(Hammond, 1927; Winters, Green, and 
Comstock, 1942). Cheatum and Morton 
(1942 and 1946) determined breeding sea- 
sons for white-tailed deer (Odocoileus 
virginianus borealis) herds in New York by 
aging the embryos from wild does with a 
growth curve derived from embryos con- 
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ceived in captive does. Chattin (1948) used 
the embryonic growth curve developed by 
Cheatum and Morton to age embryos and to 
date conception in mule deer in the Inter- 
state Deer Herd of California and Oregon. 
Armstrong (1950) described the morpho- 
logical changes in embryonic development 
of 76 white-tailed deer embryos from New 
York. Her findings were used by Taber 
(op. cit.) and by Bischoff (op. cit.) as a 
guide to aging embryos from Columbian 
black-tailed deer and mule deer in Cali- 
fornia. The description of prenatal growth 
in elk based on known-age embryos, which 
is not found in the literature, is the principal 
objective of this paper. 


METHODS AND MATERIALS 


The elk cows used were trapped at 
Yellowstone National Park. They were 
caught in late winter and trucked to the 
National Bison Range by the Montana Fish 
and Game Department. At the Bison Range 
they were allowed to range freely in a wild 
state in the spring and summer. In late 
August they were herded to the study area 
with a drive by men on foot and on horse- 
back. 

The study area was located at the Bison 
Range slaughter house where a system of 
pens and corrals have been constructed to 
provide control of bison being examined 
or butchered. These also served as excellent 
facilities for controlling elk with a mini- 
mum of disturbance. The elk were con- 
fined to a 30-acre holding pen for several 
days to become accustomed to the fence. 
Then, early in September, the cows and 
calves were given a brief physical examina- 
tion; numbered metal ear tags were affixed; 
and individual identification symbols were 
applied. They were then released into the 
observation pen. In 1954 and 1955, the ob- 
servation pen used was approximately 100 
yards long by 35 yards wide; in 1956 a 7.5- 
acre enclosure was used. The bulls were 
kept in pens adjacent to the observation 
pens. During confinement, the elk were 


fed a daily ration of 20 per cent protein 
ruminant pellets and all the native grass 
hay they would eat. 


Observations commenced in each of the 3 
years on or shortly before September ll, 
and ended by December 15. The technique 
used was to allow a bull to enter the cow 
and calf enclosure each day and remain 
there under constant surveillance until late 
afternoon. Data were recorded through 
each daily observation period, and the byl] 
would then be herded out of the cow ep. 
closure into his pen for the night. 

A vasectomized bull was used each year 
early in the breeding season, and an intact 
bull was used later on. This was done to 
obtain data on recurrence of estrus, and data 
on this aspect of the study will be published 
in a separate paper. Because of the use of 
this technique, many of the cows were im- 
pregnated later in the season than is usual, 

After observations were completed each 
year, the cows that had copulated were 
moved to another pasture where they could 
be more easily fed through the winter, 
Seven cows were bred in 1954, and seven 
were bred in 1956. None of the 1955 cows 
experienced coitus. Some cows were sacri- 
ficed at intervals that were chosen to pro- 
vide embryos of desired ages; other cows 
were chosen to produce term calves. All 
reproductive tracts taken were placed in 
AFA or 10 per cent Formalin immediately 
upon removal from the cow. 

Eight embryos and one term calf were 
obtained. Their ages were 25, 30, 37, 43, 
59, 90, 123, 182, and 247 days. The 25-, 30-, 
and 37-day embryos and the 247-day term 
calf were obtained from the cows bred in 
1956; the other embryos were obtained from 
the cows bred in 1954. Three other cows 
bred in 1956 escaped from the holding 
pasture, so the sample was not as com- 
plete as originally planned. Two other 
cows bred in 1954 were to carry their em- 
bryos to full term, but they failed to pro- 
duce calves. These cows were the only ones 
observed to copulate that were not later 
found to be pregnant. The developmental 
stages that are embryonic in the classical 
sense are from 25 to 43 days; those 59 days 
and older represent the fetal period. For 
the sake of simplicity, in this paper all speci- 
mens are referred to as embryos. 
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TABLE 1.—WEIGHTS AND MEASUREMENTS OF KNOWN-AGE EMBRyOs’ 











Age in Weight Pairs CR or FR Contour Foreleg Hindleg Head Head Tail 
Days Somites Length Length Length Length Width Length Length 
25 0.004 26 6.2 
30 0.035 44 8.2 0.8 0.7 | 2.0 
37 0.243 48 14.4 3.5 3.0 2.5 
43 Ll 24.0 6.0 5.0 2.0 
59 11.4 65.0 112.0 22.5 19.5 16.2 24.5 3.7 
90 196.1 167.5 267.0 73.0 75.0 36.0 63.6 10.5 
123 1465.0 305.0 460.0 154.0 178.5 56.6 109.6 14.5 
182 5412.0 540.0 796.0 320.0 378.0 81.0 178.5 32.0 





1 All weights are in grams; all measurements are in millimeters. 


Since the time of ovulation in relation to 
the heat period is not known for the elk, 
we computed embryonic age from the day 
of copulation by the parents. The close 
conformation of the size of each early em- 
bryo to a growth curve calculated from the 
whole sample suggests that fertilization oc- 
curs at a regular interval after estrus. 

In examining specimens of early embry- 
onic stages, we submerged them in a glass 
bowl filled with 70 per cent alcohol. They 
were then scrutinized under a binocular 
dissecting microscope with reflected and 
transmitted light, and their measurements 
were taken with a steel vernier caliper rule 
without altering their shape. Specimens of 
later stages were placed with their backs 
against a straight edge and their bodies 
straightened so that the long axes of their 
heads were at right angles to the long axes 
of their bodies. 


MEASUREMENTS AND DESCRIPTIONS 


Table 1 contains the measurements ob- 
tained from the known-age embryos. Our 
measuring methods were as follows: 

Weight.—A steelyard, a triple-beam bal- 
ance, and an analytical balance were used 
to weigh groups of embryos appropriate in 
size to each. 

Crown-rump length—This was mea- 
sured in early stages from the anteriormost 
to the posteriormost points of the body. 

Forehead-rump length.—This was taken 
in later embryonic stages from the anterior- 
most point of the crown to the tuberosity of 
the ischium. 

Contour length—A linen thread was 
placed on the dorsal midline so that it ex- 


tended from the edge of the upper lip to 
the tip of the caudal vertebrae and snugly 
followed the natural contours of the head 
and body. The thread length was then 
measured on a metric rule. 

Foreleg length—The over-all length of 
the anterior limb bud was measured in the 
early embryonic stages; the distance be- 
tween the olecranon process of the ulna and 
the hoof point was measured in the later 
embryonic stages. 

Hindleg length —The posterior limb bud 
of the early embryonic stages was measured 
in the same manner as the forelimb. The 
distance between the tubercle of the tibio- 
fibula and the hoof point was measured in 
the straightened leg of later embryonic 
specimens. 

Head width—Measurements of the over- 
all width of the head immediately anterior 
to the ears were not considered to be very 
uniform, because the cranial tissues of two 
late-stage embryos had been compressed in 
storage. 

Head length—This was taken as the 
over-all length from the muzzle to the dor- 
salmost point of the head. 

Tail length —This measurement was from 
the perianal region to the tip of the caudal 
vertebrae along the ventral surface of the 
tail. 

Some major morphological characteristics 
and the changes in them are described for 
each growth stage as follows: 

Twenty-five days.—Twenty-six pairs of mesodermal 
somites are formed. The body is not yet C-shaped; 
the midregion is dorsoventrally flattened from the 
tenth to the twenty-fourth somites. The body is 


rotated so that the anterior half lies on its left side. 
The forebrain, midbrain, and hindbrain are dis- 
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tinguishable; cephalic flexure is commencing. The 
neural tube is not completely formed at the posterior 
end. The mandibular process is forming. Otocysts 
are present as deep pits. Three branchial clefts are 
present. The ventricle of the heart is prominent; 
it extends ventrally below the forebrain. 


Thirty days.—Forty-four pairs of mesodermal so- 
mites are present. The body is C-shaped and 
rotation is complete. Caudal, cervical, and ceph- 
alic flexures are formed. The rhomboid fossa and 
pontine flexure of the brain have developed. The 
midbrain is well developed and directed ventrally 
by body curvature; the forebrain is becoming more 
prominent. The neural tube is closed, but the ver- 
tebral arch is open from medulla to tail. The ven- 
tricle of the heart still protrudes ventrally to the 
forebrain. The mesonephros is visible. The mandi- 
ble is well defined. Otocysts are difficult to dis- 
tinguish. The optic vesicles are becoming apparent. 
The fourth branchial cleft is apparent. 


Thirty-seven days.—Forty-eight pairs of meso- 
dermal somites have developed. The body is C- 
shaped as before. The forebrain is larger in pro- 
portion to the midbrain. The mesencephalon 
protrudes as a hump; the rhomboid fossa is very 
deep. The liver is enlarged and extends ventrally 
as far as the ventricle of the heart. The mandibular 
and maxillary processes are prominent and well 
defined; the snout is becoming formed. The olfac- 
tory pits are well developed. The eye lens has 
formed. The external ear is beginning to differen- 
tiate. The branchial clefts are becoming obliterated. 


Forty-three days (male).—The mesodermal somites 
are very difficult to detect. The body is not as 
C-shaped as before. The head, neck, and body 
regions are well differentiated. Digits are beginning 
to form on the limbs. The mesencephalon protrudes 
as a prominent hump. The liver is very prominent; 
it protudes mostly from the abdominal area posterior 
to the forelimbs. A definite snout is formed; the 
mouth is open, and the tongue protrudes slightly. 
The nares are well developed and close together. 
Eyelids are beginning to form; vibrissae follicles 
are discernible around the eyes. The auricles are 
small, triangular projections. The yolk sac is no 
longer present. The phallus is 2.5 mm. long; it 
protrudes ventrally. 


Fifty-nine days (male).—The body has a fishhook 
shape; ribs and many blood vessels are clearly seen 
through the translucent skin. The digits have taken 
shape as hooves and dewclaws. Cerebral hemis- 
pheres are apparent. The forehead protrudes as a 
hump; the sagittal and coronal sutures are visible 
in the skull. The vertebral arch encloses the nerve 
cord to the sacral region. The liver does not pro- 
trude. The muzzle has a more typical shape; the 
mouth is open, and the gum line can be seen. Vib- 
rissae follicles are now above and below the eyes, 
on the muzzle, and on the lower jaw. The eyelids 


are complete and closed. The lachrymal Sinuses 
are present at the anterior edges of the eyes; the 
eyeballs protrude slightly. The penis is distinctly 
formed and curved ventrally, and is enclosed jn . 
sheath; the scrotal pouch protrudes. 


Ninety days (male)—The body has a fishhook 
shape, but appears more like an adult than before. 
The skin is less translucent, and subepidermal yes. 
sels are not readily seen. Antler buds are present 
and 12 mm. in diameter. The cerebral hemispheres 
are large and well developed, but the forehead po 
longer protrudes as prominently as before. The 
sagittal and coronal sutures are not noticeable. The 
vertebral arch encloses the entire nerve cord. The 
muzzle is more prolonged; the mouth and nostrils 
are well differentiated; the palate has typical form, 
The lachrymal sinuses are 6 mm. long and have q 
prominent fold of skin around them. The ears are 
14 mm. long, folded dorsally against the head, and 
indented into the skin of the head. The penis js 
17 mm. long and entirely sheathed to the scrotum, 
Nipples have formed laterally to the penis. The 
tail is wedge shaped and flattened; it lies tightly 
against the buttocks. 


One hundred and twenty-three days (male).—The 
body no longer has fishhook shape. The skin is 
thick and rubbery. The hooves are pinkish with 
black pigmentation forming on anterodorsal edges, 
Antler buds are prominent and are 22 mm. in 
diameter. The metatarsal glands appear as oblong 
white areas 8.7 mm. long. The muzzle has brown 
pigment on its tip between the nostrils and upper 
lip; a thin line of brown pigment is around the edge 
of the lower lip. Vibrissae protrude 1 to 2 mm. 
from follicles around eyes, muzzle, and lower jaw. 
The ears are 28 mm. long and extend dorsally over 
the head, although they are no longer indented into 
the skin of the head. The penis is contained within 
the abdominal surface between the scrotum and 
the prepuce. The scrotum is 12 mm. deep. Nipples 
are 2 mm. long. 


One hundred and eighty-two days (female).—The 
entire body is well haired except axillae and inner 
ear surfaces; the coloration resembles that of a 
term calf. The incisor teeth can be felt and seen 
to protrude slightly and are covered with gum 
tissue. The nose is black and reticulated with 
deep wrinkles; the inner lips are fimbriated. The 
ears are 70 mm. long. The vagina is well formed; 
it is 12 mm. long dorsoventrally across the orifice, 
and it has a fringe of long hairs laterally on the 
vulva. 


Two hundred and forty-seven day term calf (male). 
—Measurements and weight for the term calf gen- 
erally conformed to the average figures for similar 
measurements taken from 23 newborn elk calves 
by Johnson (1951). Measurements for this calf 
are: weight, 17.4 kg. (38.3 lbs. ); total length, 104.1 
cm. (41 in.); forehead-rump length, 92.5 cm. (36.4 
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Fic. 1. Semilogarithmic plotting of crown-rump 
length of embryos against age. 


in.); hindfoot length, 40.6 cm. (16.0 in.); head 
length, 26.7 cm. (10.5 in.); tail length, 6.4 cm. 
(2.5 in.); ear length, 12.7 cm. (5.0 in.). 


In addition to measurements and mor- 
phological descriptions of the embryos, we 
noted the development of the placenta in 
the three youngest embryos. Melton, Berry, 
and Butler (1951) found that anlage of 
chorionic cotyledons in cattle are macro- 
scopically visible at 31 days. At 33 days, 
chorionic villi are present and make a fragile 
attachment to the uterine caruncles. At 35 
days, parts of the villi remain in the carun- 
cular crypts when separated from the uterus. 


After 35 days, the chorion is easily separated 
from the caruncles, but villi still break off 
and remain in the crypts. In all cases of 
placentation, the first cotyledons appear 
nearest to the embryo. 

Chorionic membranes of the 25-, 30-, and 
37-day elk embryos appear to have a rate 
of development similar to cattle. At 25 days, 
the membranes do not have macroscopically 
visible cotyledons. The cotyledons have 
formed at 30 days, and villi are becoming 


‘ 


macroscopic. Cotyledonary folds are en- 
closed in the crypts, but are pulled away 
very easily. Chorionic villi are well de- 
veloped by 37 days. More force is needed 
to separate the chorion from the caruncles 
than at 30 days, and some villi break off 
and remain in the crypts. Cotyledons ap- 
pear first near the embryo, and are more 
highly developed there than in distal 
chorionic tissues at 37 days. 


APPLICATION OF THE GROWTH CURVE 


Murie (1951) found the active breeding 
season of elk to occur from the first part 
of September to the latter part of October, 
and the period from September 20 to 25 to 
be the peak. He indicated that bugling 
intensity by the bulls was used to interpret 
breeding activity. Roosevelt elk bulls on 
the Olympic Peninsula reach a peak of 
bugling between September 20 and October 
1, according to Schwartz (1943). 

In order to illustrate the use of the growth 
curve (Fig. 1) to date conception and esti- 
mate the peak of breeding, we aged embryos 
from 18 cow elk killed in the Bison Range 
herd reduction, and 22 cows killed at Gard- 
iner, Montana. On the Bison Range and at 
Gardiner, the majority of elk cows collected 
had conceived from September 26 to Oc- 
tober 10 (Fig. 2), with mean dates of 
October 3 and 6, respectively (Table 2). 
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Fic. 2. Modal distribution of conception dates. 
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TABLE 2.—ConcEPTION DATES IN FREE-RANGING ELK AS DETERMINED FROM A GROWTH Curve og 
KNOWN-AGE EMBRYOS 








Embryos of Conception 


Average Date Earliest Latest 


Conception Date Conception Date 





Years No. of 

Area Collect. 
National Bison Range 1954-56 18 
North Yellowstone Park’ 1948 22 


October 3 
October 6 


September 17 
September 24 


October 3] 
October 25 





‘ Collected by Clinton H. Conaway and Philip L. Wright, December 27-30, 1948. 


The elk cows that contained the embryos 
used to determine the average conception 
dates shown in Table 2 were not disturbed 
by hunting during their normal breeding 
period. If hunting activity does affect nor- 
mal reproduction, particularly if near the 
peak of ovulation, then a comparison of con- 
ception dates between disturbed and un- 
disturbed herds should show a significant 
difference, provided that other influences 
on reproduction are the same in both of 
the herds. 

The gestation period of the 247-day term 
calf obtained in this study appears to be 


in general agreement with the 249- to 269. 
day period reported for elk by Lantz (1910), 

The peak of calving can probably be esti. 
mated with fair accuracy by adding the 
length of the gestation period stated by 
Lantz to the estimated average conception 
date in a herd. 

Examination of gravid uteri disclosed that 
noticeable enlargement of the side contain. 
ing the embryo did not occur before the 30th 
day of gestation. Where hunters are being 
requested to bring in embryos or uteri from 
elk, the best returns would probably occur 
where the hunting season extends suffi- 








Fic. 3. 


Upper left, 25-day embryo; upper center, 30-day embryo; upper right, 37-day embryo; lower 


left, 43-day embryo; lower right, 59-day fetus. 
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Upper left, 90-day fetus; upper right, 123-day fetus; lower left, 182-day fetus; lower right, 


newborn calf. 


ciently late into the year for the embryo 
and its placental membranes to have grown 
to a noticeable size. Small embryos, up to 
25 days old, are difficult to find, are easily 
damaged beyond use, and are difficult to 
measure. They also deteriorate more rapidly 
into a nonmeasurable condition if not placed 
in a suitable preservative immediately after 
the cow’s death. 

The biologist who has a series of embryos 
to age will probably wish to construct his 
own graph on semilogarithmic paper so as 
to estimate the age of the embryos more ac- 
curately. Fig. 3 and 4 illustrate the known- 
age embryos that we examined, the 25-day 
embryo being pictured in a position reverse 
to that described for it in the text above. 


SUMMARY 


Eight known-age elk embryos were ob- 
tained from cow elk bred under observation. 
The embryo ages were 25, 30, 37, 43, 59, 90, 
123, and 182 days. One term calf was ob- 


tained; its gestation period was 247 days. 
The embryos were measured, weighed, and 
their morphology described. A growth curve 
was constructed from crown-rump or fore- 
head-rump length, depending on the stage 
of development, to be used for aging em- 
bryos from wild cow elk and thus compu- 
ting the average conception date and aver- 
age calving date. The average conception 
date in 18 free-ranging Bison Range elk was 
estimated to be October 3 by use of the 
embryonic growth curve. In 22 Yellow- 
stone Park elk, the average conception date 
was estimated to be October 6. Gravid 
uteri were not markedly enlarged until after 
the 30th day of gestation. The placental 
cotyledons and chorionic villi appear to de- 
velop at a rate similar to that found in some 
cattle. 
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ELEVEN YEARS OF RABBIT-POPULATION DATA IN MISSOURI 


Howard Wight* 


Missouri Conservation Commission, Columbia, Missouri 


The purpose of this paper is to present 
population data obtained in Missouri on 
the cottontail rabbit (Sylvilagus floridanus ) 
during the period from 1947 to 1957. These 
data have revealed relationships between 
annual production, population levels, and 
hunting success. This paper describes the 
techniques used to obtain these data and 
discusses their value in research and man- 
agement. 


*A contribution from Pittman-Robertson Project 
Missouri 13-R. 

*I wish to thank the conservation agents, field- 
service agents, and biologists of the Missouri Con- 
servation Commission who gathered census and 
field bag-check data for the past 11 years. Kenneth 
Rowe pioneered methods and conducted the cen- 
suses from 1947 to 1951. Field bag-check data 
were analyzed by Bill T. Crawford after tabulation 
by Ruth Ward. 


METHOpDsS 


For 11 years, state-wide rabbit roadside 
counts have been made, using the methods 
developed by Rowe (1948). He found the 
period of July 13-21 to be best for observing 
the greatest number of rabbits and for aging 
the largest number of rabbits by size differ- 
ences. Recent work in Iowa substantiates 
Rowe's selection of the mid-July census 
period (Hendrickson and Voris, 1957). 

The count is made by conservation agents 
during this week each year. They drive 
about 2,000 miles of secondary roads on an 
average of 108 permanently established 
routes during the first hour after local 
sunrise. 

The data are expressed as the average 
number of rabbits seen per mile. Rabbits 
are classified in two age groups: young 


(not fully grown) and old (fully grown 
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rabbits). The annual production index is 
expressed as the average number of young 
per adult. 

Additional data are secured from a field 
bag check conducted by conservation agents 
in their hunter contacts during the open 
hunting season (Crawford, 1951). This 
provides a measure of hunter success and is 
expressed as kill per gun hour; it can be 
compared with the annual July census and 
should agree in years of normal weather. 


REPRODUCTIVE SUCCESS 


The relative annual reproductive success 
of Missouri's rabbit population is considered 
to be the most significant information of the 
census. Production measurements would 
ideally be made at the end of the breeding 
season. In Missouri, Schwartz (1942) found 
that the breeding season ended in the first 
week of September. Several difficulties are 








encountered, however. Early-produced lit- 
ters cannot be aged by size in September, 
and the number of rabbits observed in 
September is so much lower than in July 
as to greatly reduce the size of samples ob- 
served at the end of the breeding season. 
For these reasons, the production data from 
mid-July have been compiled and used. 
Two years research work, using the presence 
of an epiphyseal gap in the radius and ulna 
from X-rays of samples of approximately 
3,000 forepaws collected each year from 
hunters in November, have produced age 
ratios that showed exact agreement with 
those collected from size observations in 
mid-July. This lends support to the hypothe- 
sis that mid-July age data are representative 
of the reproductive success of Missouri's 
rabbit population. 

From the beginning of the summer counts 
in 1947, the production of young increased 
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TABLE 1.—Muissournt RaAssir PopuLatTion Data, 1947-57 











? Avg. No. Avg. No. of Avg. No. Fall Hunter Succes 

Year Rabbits Adult Rabbits Young Population (Kill Per 6 
Per Mile Per Mile Per Adult Index Gun Hour) 

1947 0.57 0.23 x 1.50 = 0.35 0.74 
1948 0.60 0.22 x 1.78 = 0.39 0.79 
1949 0.64 0.22 x 1.86 = 0.41 0.66" 
1950 0.62 0.20 x 2.12 — 0.42 0.82 
1951 0.55 0.21 x 1.56 = 0.33 0.80 
1952 0.40 0.16 x 1.44 = 0.23 0.52 
1953 0.38 0.13 x 1.94 = 0.25 0.54 
1954 0.29' 2.12 , 0.67 
1955 0.74 0.18 x RR yi = 0.57 0.78 
1956 1.26 0.32 x 2.85 = 0.91 1.05 
1957 iw iy 0.36 x 2.22 a 0.80 1.01 





‘ These data excluded from Figs. 1 and 2 due to known weather biases, which are discussed in the text. 


over a 3-year period until a peak of 2.12 
young per adult (68 per cent young) was 
reached in 1950 (Fig. 1). During this same 
period, the hunting success increased from 
0.74 to 0.82 rabbit per gun hour. 

Production declined in 1951, and again 
in 1952, when a low of 1.44 young per adult 
(59 per cent young) was reached. Rabbit 
abundance and hunter success also declined. 
In 1953 the first evidence of a population 
recovery was an increase in production; 
but rabbit numbers remained low, as did 
hunter success. Subsequent data showed 
that when the trend in production turned 
upward in 1953, it continued to rise until 
1955 and the rabbit population recovered 
strongly. It then became evident that the 
summer roadside count could be used 
to predict population trends and hunter 
success. 

The high point of production was reached 
in 1955 with a ratio of 3.17 young per adult 
(76 per cent young). Although production 
declined slightly in 1956, the high popula- 
tion level resulted in extremely high hunter 
success the following winter. In 1957 pro- 
duction again declined slightly, but still re- 
mained higher than any year prior to 1955 
and resulted in another excellent hunting 
season. 

Two major weather biases have occurred 
in the 11 years of data. The first occurred 
in the winter of 1949-50, when very little 
snow fell during the primary rabbit-hunting 
months of November through February. 
Most Missouri rabbit hunters rely on snow- 


fall to assist them in their hunting; lack of 
snow resulted in a kill of a million fewe; 
rabbits in 1949-50 and a lower hourly suc. 
cess rate. Hence, the 1949 data were ex. 
cluded from the correlations derived from 
Table 1. 

In 1954, the period of July 13-21 coin. 
cided with extremely high temperatures, 
Readings of 114° to 117°F. occurred at all 
points in the state, and an extremely low 
dew fall was recorded. Preliminary data 
indicate that high temperatures and low 
dew fall materially reduce the number of 
rabbits observed; hence, the data on rabbits 
per mile in 1954 were considered too biased 
to be included in the analysis. Experimental 
work on this problem is continuing. 


PREDICTIVE VALUE OF THE SUMMER CENSUS 


One purpose of the rabbit census in Mis- 
souri is a satisfactory measurement of the 
state cottontail population that will allow 
a prediction of the potential hunting success 
in the fall. I believe that the methods re- 
ported here furnish reliable population data 
and can be used to predict trends in rabbit 
abundance and hunter success. 

Hunting success is governed by fall and 
winter rabbit abundance and weather. The 
fall population is, in turn, a function pri- 
marily of breeder density and reproductive 
success. A breeder, for the purposes of this 
discussion, is any rabbit capable of pro- 
ducing young and classified as an adult by 
size in the mid-July counts. Although some 
reproduction by females in their first sum- 
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mer occurs, the methods here described do 
not measure the influence of this segment 
of production. An index to the fall popula- 
tion can be calculated from the mid-July 
data. This is done by computing the num- 
ber of adults seen per mile (breeders) and 
multiplying this by the average number of 
young seen per adult (Table 1). The re- 
sulting product is an annual fall-population 
index. A comparison (Fig. 2) between this 
index and the index to hunter success pro- 
duces a high degree of correlation (r = 0.94; 
at 9 d.f., p = >0.001, according to Fisher 
and Yates, 1948:46). 

Predictions on the trend of fall and winter 
rabbit hunting can therefore be made by 
the end of July, using the described meth- 
ods. The accuracy of the prediction is de- 
pendent upon normal weather during both 
the census period and the major hunting 


Annual fall population index and kill per gun hour for the years 1947-57. 


period. An alert investigator can detect the 
presence of weather biases occurring during 
the mid-July census period, but weather 
biases influencing hunter success are spread 
over a 4-month period and are more difficult 
to detect. 


REGULATIONS 


Missouri has traditionally enjoyed long 
hunting seasons (Table 2). Commercial 
rabbit trade of live and dead rabbits was 
permitted up until 1953. The prohibition of 
commercial sale of rabbits was largely a 
public-relations decision. The practice was 
distasteful to most sportsmen, and much of 
the public criticism of the Commission's 
management of rabbits was centered on this 
problem. The rabbit-population data had 
little influence in the discontinuance of the 
commercial harvest of rabbits. 
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TABLE 2.—RABBIT-HARVEST REGULATIONS IN Missouri, 1940-57 











Year Dates of Open Fadi Commercial Sale 
Hunting Season Limits 

1940-47 Jan. 1-Dec. 31' None Permitted during open season 
1948 May 30-Feb. 28' None Permitted during open season 
1949-50 May 30-Feb. 28 None Nov. 10—-Feb. 28 

1951-52 May 30-Feb. 28' None Nov. 10-Jan. 31 

1953-55 May 30-July 15 10-10 None 

Nov. 10-Feb. 28 
1956-57 May 30-Feb. 28' 10-10 None 





1 Nine-day closed season Nov. 1-9 prior to opening of quail hunting on November 10. 


Missouri rabbit-hunting seasons are open 
when rabbits are most abundant. Since the 
rabbit is essentially an annual crop, the 
hunting seasons are based upon the prin- 
ciple that it is good management to harvest 
a short-lived species close to the peak of its 
annual abundance. 

As stated previously, the annual popula- 
tion data indicate that the abundance and 
harvest of rabbits are the product of breeder 
density and, more importantly, reproduc- 
tive success. Since those factors responsible 
for changes in reproductive success are not 
yet understood, it would appear that regu- 
lation changes based on population changes 
reported here may serve no purpose. If we 
are confident that hunting has little influ- 
ence on Missouris rabbit population, the 
ideal regulation should be as nonrestrictive 
as possible. 


OTHER Uses oF PopuULATION DATA 


Beyond the predictive value of the rabbit- 
roadside data, the census is of considerable 
value to the administrators of the Missouri 
Conservation Commission. The establish- 
ment of a sound harvest regulation is the 
product of reliable population data. In the 
face of strong protectionist sentiment, main- 
tenance of the same liberal regulations 
requires continuing annual data. This be- 
comes a public-relations problem and al- 
most daily use of Missouri's population data 
on the rabbit is made in contact with the 
public. 

The population data also provide a 
basis for interpretation of research results. 
Korschgen (1957) found that the abun- 
dance of rabbits during the period 1949-53 


was reflected in the volume of rabbits in the 
coyote diet. 

Sampson (1957) has also used the rabbit 
data in evaluating the relationship between 
predator and prey populations. He detected 
little relationship in Missouri between the 
population levels of coyotes and foxes and 
those of rabbits. Such information is most 
useful in reply to rabbit hunters who pro- 
pose bounties on coyotes and foxes that are 
supposedly “eating up their sport.” 

The continuing problem of evaluation of 
rabbit food and cover management is clari- 
fied when the researcher is forearmed with 
knowledge of population trends. Manage- 
ment accomplished at a time when the state- 
wide rabbit population is rapidly increasing 
may result in exaggerated claims of success, 
while in a declining phase of abundance the 
same management might be classed as un- 
successful. 

The factors responsible for changing re- 
productive success are not fully understood. 
Basic research on this problem, however, is 
advanced by state-wide population data. 
An example of this is the evaluation of the 
influence of the two most commonly used 
explanations for changing reproductive suc- 
cess: weather and cover conditions. Mis- 
souris rabbit population has been subject 
to two severe weather conditions in the last 
decade. In 1951, heavy rainfall in the early 
summer continued until mid-July and re- 
sulted in disastrous floods. From 1952 to 


1955, severe drought prevailed and, in some 
areas of Missouri, continued through 1956. 
Cover conditions were at their worst in 1955, 
but the 1955 rabbit population level was 
comparable with the period of 1948-50, 
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when no weather extremes were recorded. 

The influence of the wet summer of 1951 
on reproduction is difficult to interpret, and 
quite possibly was responsible for the 
lowered success observed. A continuation 
of the lowering reproductive trend in 1952, 
however, leaves this explanation somewhat 
suspect. The declining trend in reproduc- 
tive success occurring in 1956-57 is of con- 
siderable interest. The decline came at a 
time when inversity could be expected to 
be clearly demonstrated, and when no major 
weather influence could be demonstrated. 
The state-wide cover conditions were re- 
covering from the effects of the drought 
years. The declining rate of reproduction 
narrows the search for the factors down to 
possible influences on the reproductive phy- 
siology of rabbits. An intensive study of the 
reproductive physiology of the rabbit is in 
progress with the midsummer rabbit-road- 
side census and field bag check providing 
extensive population data for comparative 
purposes. 

Thus, the 11 years of state-wide rabbit 
census have provided us with a history of 
Missouri's rabbit-population fluctuations. 
It has further demonstrated a capability to 
predict hunting success. The population 
data have served in the interpretation of 
research results, and the basis for establish- 
ment of sound, nonrestrictive regulations. 
It is now serving as a basis from which to 
study the causes of change in reproductive 
rates in Missouris rabbit population. 


SUMMARY 


Cottontail rabbit population data have 
been obtained in Missouri since 1947 from 
a mid-July roadside census taken by the 
law-enforcement staff of the Missouri Con- 
servation Commission and covering 2,000 
miles on an average of 108 routes. Data on 
abundance and reproductive success from 
this census are compared with hunter suc- 
cess in the fall and, in years of normal 


weather, show close agreement. Two years 
of X-raying samples of 3,000 paws from 
November specimens produced young- 
adult ratios that were exactly the same as 
those derived from mid-July observations of 
the size of rabbits seen on census routes. A 
fall population index, computed by multi- 
plying the average number of breeders per 
mile times the average reproductive success, 
shows a high degree of correlation with 
hunting success. Predictions of the expected 
hunting success thus can be made by the 
end of July. Changing reproductive rates 
are responsible for altered hunting success. 
The reasons for the changes are unknown, 
yet knowledge of the history of rabbit popu- 
lations in Missouri has served to narrow the 
search to the reproductive physiology of the 
rabbit itself. 

The population data provide a basis for 
interpreting research findings. Studies of 
the food habits of predators, predator-prey 
relationships, and the evaluation of food 
and cover management are examples of the 
uses of rabbit population data to research. 
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During the summers of 1955 and 1956, 
the author made a study of the ecology and 
population dynamics of the muskrat (On- 
datra zibethicus) on the marshes of the 
Delta Waterfowl Research Station, Delta, 
Manitoba, Canada. The objective of this 
investigation was to gather and integrate 
such information concerning breeding, re- 
production, mortality, behavior, and harvest 
of muskrats as would be a contribution to 
the knowledge of the population dynamics 
of this furbearer in an area somewhat re- 
moved from the location of most previous 
studies. The entire investigation is detailed 
by Olsen (1957), and another paper (Olsen, 
1959) describes a method developed during 
this study for aging muskrats by dental 
patterns. 

The present paper is concerned with 
young muskrats and with muskrat breeding 
biology as affected by the interaction of 
density-dependent and density-independent 
factors during the course of abnormally high 
water levels. While the extrapolation of the 
results to other areas is scarcely justified at 
this time, the findings may have significance 
for wildlife managers elsewhere. 





HABITAT 


The base of operations for the project was 
the Delta Waterfowl Research Station lo- 
cated at the fishing village of Delta, Mani- 


*This is part of a thesis submitted in partial 
fulfillment of the requirements for the degree of 
Master of Wildlife Management at the University 
of Michigan. It is a contribution from the Delta 
Waterfowl Research Station and was financed by 
a R. Howard Webster Marsh Management Study 
Project Fellowship granted by the Wildlife Manage- 
ment Institute. The author offers his sincere thanks 
to Peter Ward and H. Albert Hochbaum, Delta, 
and Warren W. Chase and Archibald B. Cowan, 
University of Michigan, for their assistance and 
guidance during this study. 

* Present address: Michigan Department of Con- 
servation, Houghton Lake Wildlife Experiment Sta- 
tion, Houghton Lake Heights, Michigan. 
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toba, some 55 air-line miles northwest o 
Winnipeg. Field work was conducted gy 
approximately 2,500 acres of marshland ey. 
tending 9 miles east of the village, along the 
south shore of Lake Manitoba. The project 
began in June 1955 and continued through. 
out the summer. Additional data wer 
gathered during a fall trapping season jn 
early November, as well as during the spring 
harvest in early April 1956. The project 
was continued more intensively through the 
summer of 1956, and harvest data were 
again collected in November. 

The Delta marsh system is one of the 
most extensive in the Canadian prairie 
country. Extending for 19 miles along the 
southern shore of Lake Manitoba, it en. 
compasses about 36,000 acres during drier 
years (Hochbaum, 1944), and was perhaps 
twice that size during the present investiga. 
tion. South of the marsh lie the prairies and 
grain farmlands. 

Water levels in the Lake Manitoba drain- 
age basin undergo periodic high and low 
stages. During the low of the last cycle, in 
1944, water levels were 4-5 feet lower than 
during the period of this investigation. Be- 
ginning in 1945, a new cycle was initiated, 
and water levels rose until 1949. From 1949 
to 1952, they were relatively stabilized at 
a foot above the long-term average. Then, 
beginning in 1953, there followed a rapid 
and continual rise that reached a peak in 
June 1955, at a level 314 feet above average. 
This surpassed the previously recorded high 
and any observations on high water levels 
recalled by the oldest residents. This spec- 
tacular rise was probably due to the ex- 
ceptionally heavy summer and winter pre- 
cipitation that fell during that period. 

A low sand ridge, averaging about 100 


yards in width, separates the marsh from | 


the lake; vegetation of this ridge is com- 
prised of willow (Salix spp.), green ash 
( Fraxinus pennsylvanica ), Manitoba maple 
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(Acer negundo), bur oak (Quercus macro- 
garpa), elm (Ulmus americana), poplar 

(Populus spp.), and a dense understory of 
robs and herbs. Because of this ridge, 
normally there are water connections be- 
tween the marsh and lake at only two 

ints: one within the village limits and 
the other at Clandeboye Bay at the extreme 
eastern end of the study area. At the latter, 
adam was built by the Provincial govern- 
ment in 1947 in an effort to stabilize the 
water levels of the eastern end of the marsh 
atan optimum level for muskrat production, 
and to prevent the marsh from draining dur- 
ing south winds. During the summers of 
1955 and 1956, the top of the dam was 3-5 
feet below the water. In addition, five or 
six breaks through the ridge occurred in 
1955. 

Hochbaum (ibid.) states that, on the 
marsh, there is an important distinction be- 
tween the system of large bays and the 
system of sloughs that are found in shallower 
water nearer the ridge. He points out that, 
while the bays are dependent upon the lake 
for their water supply and fluctuate with 
the lake levels, the sloughs are isolated from 
the bays and depend entirely upon snow- 
melt, rainfall, and local surface runoff for 
their water supply and are often dry by 
mid-August. During 1955 and 1956, how- 
ever, as a consequence of the high water 
levels and break-throughs, the entire marsh 
was flooded to the extent that bays, sloughs, 
and lake were all connected and their water 
levels fluctuated simultaneously. Northerly 
winds pushed water into the marsh and 
southerly winds forced it out, commonly 
resulting in water-level changes in the marsh 
of from 6 inches to over 1 foot within a 24- 
to 48-hour period during the summer of 
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1955. During 1956, water levels had receded 
somewhat, and only minor fluctuations 
occurred. 

Detailed accounts of the vegetation of the 
Delta marsh are given by Hochbaum (ibid. ) 
and Love and Love (1954). Because of 
water depths 2-3 feet above normal during 
the current wet cycle, the species composi- 
tion of the flora has been greatly altered. 
For practical purposes, those emergents 
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have been eliminated that were least toler- 
ant of the increased water depths, such as 
the once-lush stands of cattail (Typha 
latifolia) and whitetop grass (Scolochloa 
festucacea). Species that managed to sur- 
vive, such as hardstem bulrush (Scirpus 
acutus) and phragmites (Phragmites com- 
munis ), the latter being the dominant emer- 
gent on the marsh, were greatly reduced in 
density, distribution, and quality. It was 
determined by Dillon (1956) that from 
1948 to 1955, in the average one-quarter 
section of the Delta marsh, 29 acres of 
vegetation had reverted to open water. This 
degeneration greatly reduced the food and 
cover supply, resulting in a lowered muskrat 


carrying capacity. 
TAXONOMY 


The ranges of three subspecies of musk- 
rats coalesce in southern Manitoba (Cory, 
1912; Anderson, 1946; Soper, 1946; Hall 
and Cockrum, 1953; and Miller and Kellogg, 
1955). Ondatra z. zibethicus, inhabiting 
east-central United States and southeastern 
Canada, reaches southern Manitoba in the 
northwest extreme of its range. O. z. cin- 
namominus reaches southern Manitoba in 
the northern extreme of its range, which is 
primarily throughout the central Great 
Plains region of the United States. O. z. 
albus, with the center of its distribution 
southwest of Hudson Bay, ranges south- 
ward into southern Manitoba. 

Cory (op. cit.) designates southern Mani- 
toba as “an area of intergradation” among 
the three subspecies. Hollister (1911) 
states: “Specimens from Carberry, Mani- 
toba [50 miles southwest of Delta], although 
apparently referable to cinnamominus, are 
somewhat intermediate between three 
forms, zibethicus, cinnamominus, and 
albus.” 

In addition to this natural intermingling 
of the subspecies at Delta, “artificially in- 
duced” mixing has also occurred. A num- 
ber of muskrats, probably O. z. zibethicus, 
were released on the marsh some years ago 
by a landowner in an attempt to improve 
the size and quality of the local pelts ( Peter 
Ward, pers. comm. ). 
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Thus, the muskrats occurring on the Delta 
marsh, on the basis of the evidence of sub- 
specific distributional records from the 
literature, and on color phase and size ob- 
servations made on several hundred speci- 
mens by the author, appear to be a com- 
posite of the three subspecies noted above. 
The cinnamominus component seemingly 
dominates the coloration, for, although con- 
siderable color variation was observed, the 
majority of pelts exhibited the pale reddish- 
brown shade dorsally that is associated with 
this subspecies. In size, the Delta muskrats 
reflect the influence of the albus component, 
albus being a small northern subspecies: 
210 November adults averaged 1,095 gm. 
in weight; 35 August adults averaged 552 
mm. in total length with an average tail 
length (caudal vertebrae) of 281 mm. 


LItTER AND GROWTH STUDIES 


To obtain data for this phase of the in- 
vestigation, active houses were sought by 
systematically working over the study area 
on foot or by canoe. When located, they 
were opened and searched for litters. 
Various observations were made of the 
young muskrats, the houses, and the sur- 
rounding habitat. The young were then 
replaced in the nest, and the house was re- 
constructed to as near the original condi- 
tion as possible. 

All measurements were taken with a 
steel rule divided into 1-mm. graduations. 
Weights were obtained with a Hanson 
dietetic spring scale with 1l-gm. divisions. 
Sex was determined by examination of the 
external genitalia and palpation of the uri- 
nary papillae. Litters were aged by com- 


TABLE 1.—CHANGE IN AVERAGE LITTER SIZE WITH 
PROGRESSION OF THE BREEDING SEASON, DELTA 
Marsu, 1956 











Birth Date “on Litter ‘Size 
May 16-31 2 6.5 
June 1-15 21 7.1 
June 16-30 14 7.5 
July 1-15 24 7.9 
July 16-31 af 6.9 
August 1-15 10 6.5 
August 16-31 2 6.0 





paring mean tail length, total length, ang 
weight for the litter with similar data from, 
known-age animals and with the grow, 
curves and descriptions given by Errington 
(1939) and Dorney and Rusch (1953), 

A total of 1,040 juveniles, representing 
200 litters, were handled during the ty, 
summers. Additional data from approxi- 
mately 2,000 subadults were obtained dy. 
ing the November and April trapping 
seasons. 

Litter size-—In 1955, 22 complete litters 
ranged in size from 5 to 1] and averaged7], 
while in 1956, based on 80 complete litters, 
the average size was 7.3 young, with ex. 
tremes of 4 and 10. The modal size during 
both years was 6 young, followed closely 
by 8. 

Two trends were detected in the litter. 
size data, although the samples were too 
small to make these statistically valid. One 
was a progressive increase in litter size from 
small early-season litters to above-average 
midseason litters. Then there was a pro- 
gressive decrease in size from midseason to 
late-season litters (Table 1). Lantz (1923) 
and Harris (1952) have noted similar trends. 
The first part of this trend may reflect food 
shortage during the preceding winter, while 
the latter part may reflect physiological 
exhaustion with some such consequence as 
resorption of embryos or foetuses. It is also 
possible that crowding of the breeding 
range, which increases as more young are 
born, brings about an adverse psychological 
influence on the reproductive physiology. 

The second trend was a reduction in the 
average size of complete litters with in- 
creasing age at the time of their capture. 
The cause of this seems to be due primarily 
to mortality factors exerting their effects 
on the juveniles. There was also some inter- 
action between mortality and changes in 
litter size with the progression of the breed- 
ing season that accounted for some of this 
reduction. 

Sex ratio—Sex was determined for all 
individuals in 69 complete litters during the 
summer of 1956. These litters represented 
505 animals ranging in age from nearly full- 
term foetuses to 22 days; 58 per cent of the 
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Taste 2.—CHANGE IN Sex Ratio OF COMPLETE 


LrreRS WITH INCREASING AGE, DELTA MARSH, 











1956 
ay hee = Males Females P i nog 
: 26 28 48.2 
e Z bon 55 53.4 
3-14 25 101 80 ae 
15-21 19 99 a re 
99-28 g 9 3 75.0 





animals were males. This unbalance is very 
similar to that observed by Errington (op. 
cit.) and Beer and Truax (1950) for much 
larger samples of nestling muskrats. 

At Delta, I found that the sex ratio at 
birth was very close to unity, with only a 
sight unbalance in favor of males. How- 
ever, with increasing age there was a pro- 
gressively larger percentage of males (Table 
3). This trend may perhaps be due to a 
slower growth rate of females that would 
render them more susceptible to various 
sources of mortality. What other sex-selec- 
tive mortality factors that might be opera- 
ting to produce this trend are not known. 

Another interesting trend was also ob- 
served in the sex-ratio data. I found that 





early-season litters were very strongly un- 
balanced in favor of males. As the breeding 
season progressed, there was a definite tend- 
ency toward more equality in the numbers 
of males and females born. Toward the end 
of the season, the sex ratio was essentially 
unity. The explanation for this phenomenon 
is not known, but is apparently linked with 
changes in female reproductive physiology. 

Growth rate—A 30-acre portion of the 
study area was established as a muskrat- 
growth-study unit. I visited this area week- 
ly throughout the summer of 1956, and 
attempted to locate and ear-tag all muskrats 
occurring there. The 155 animals captured 
and recaptured by hand, live traps, and steel 
traps, at various ages during the summer 
and fall, provided the data upon which the 
Delta muskrat growth curve (Fig. 1) is 
based. Data from approximately 600 addi- 
tional young captured elsewhere on the 
marsh yielded further information on nest- 
ling growth. 

The growth rate of Delta juveniles during 
the first 30 days of life was in very close 
agreement with that of Iowa muskrats 
(Errington, op. cit.), but averaged approxi- 
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mately 2 days slower than that calculated for 
southern Wisconsin muskrats by Dorney 
and Rusch (op. cit.). However, 29 recap- 
tures of muskrats between the ages of 40 
and 100 days indicated a faster growth rate 
at Delta than in Wisconsin. During this 
period, Delta juveniles averaged 11.4 per 
cent heavier than Wisconsin juveniles. 

This is peculiar in view of the fact that 
southern Wisconsin muskrats are a decided- 
ly heavier race than those at Delta. Wis- 
consin adults and early-November juveniles 
each averaged approximately 25 per cent 
heavier than the animals in comparable age 
classes at Delta. At the more northern sta- 
tion, spring arrives later and winter comes 
earlier than in southern Wisconsin. Cal- 
culations based on Hopkins’ Bioclimatic 
Law indicated that spring should arrive 
an average of 24 days later and winter 24 
days earlier at Delta. Thus, the optimum 
period for muskrat growth would be 
shortened. Seemingly, in order to compen- 
sate for this abbreviation, Delta muskrats 
have evolved a more rapid growth rate dur- 
ing the most favorable period. Unfortu- 
nately, Errington’s (op. cit.) growth data 
for juveniles older than 30 days were too 
scanty to allow comparison of Delta and 
Iowa growth curves and further test the 
effect of length of optimal-growth periods. 

In late November 1956, ten juveniles that 
had been ear-tagged the preceding June 
were recaptured at ages ranging from 140 
to 180 days. This permitted the growth 
curye to be extended. The growth curves 
from Delta and Wisconsin cross at approxi- 
mately the 700-gm. and 100-day intersec- 
tion, after which the Wisconsin curve con- 
tinues to rise, but the Delta curve levels off 
rapidly. This would indicate that Delta 
litters born early in the season increase very 
little in weight after late September. In 
contrast, there is a much slower decrease in 
growth rate in Wisconsin. Such drastic re- 
duction in growth rate very likely reflects 
the earlier onset of winter in Manitoba and 
with it less favorable growth conditions for 
this species. 

It should be emphasized that the muskrats 
that provided data for extension of the 


growth curve beyond 30 days were all from 
litters born during the first peak of litter 
production in late spring. Thus, they were 
able to take full advantage of the period 
when conditions for growth were hes 
Those animals that constituted second 9, 
third litters would have undergone only g 
short portion of their development during 
the optimal-growth period. As a result 
throughout the fall and during the trapping 
seasons, I observed that they were much 
smaller at any given age than juveniles that 
were born in the early part of the breeding 
season. 

There is strong evidence that juvenile 
muskrats at Delta do not increase in weight 
from November through March. A compari- 
son of subadult weights from the November 
1955 harvest and the April 1956 harvest 
showed no significant differences; there 
was, in fact, a reduction of a few grams 
from the November to the April average. 

There is a slight differential in nestling. 
growth rate between the sexes. At Delta, 
juvenile females exhibited a slightly slower 
growth rate from birth than did males, 
Average male weights were greater than the 
average of their female litter-mates in 69 
per cent of 81 normal litters in which both 
sexes occurred and for which weights were 
recorded. This difference became more pro- 
nounced with increasing age, with Novem- 
ber-trapped juvenile males averaging 50 gm. 
heavier than females. 


Basic BREEDING BIOLOGY 


Several studies (Beer and Meyer, 1951; 
and others) have shown that during late 
winter and early spring, anatomical and 
physiological changes take place in musk- 
rats which prepare them for the coming 
breeding season. The reproductive tracts 
of the preceding year’s young develop so 
that they are not easily differentiated by 
gross appearance from those of adults. De- 
velopment proceeds at a rapid rate as spring 
approaches, undoubtedly under the control 
of gonadotropic hormones secreted by the 
pituitary as influenced by sunlight. 

During the first ten days of April 1956, 
approximately 200 muskrats trapped during 
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the spring harvest were dissected by the 
author. Evidence based upon testis position 
and enlargement, sperm and vaginal smears, 
presence Or absence of a vaginal membrane, 
and degree of vascularization of the uteri 
indicated that the animals would not be in 
breeding condition for approximately an- 
other month. Females were somewhat more 
advanced toward breeding condition than 
were males. McLeod and Bondar (1952) 
state that females become sexually active 
earlier in the season than males and may 
pass through three or four estrual periods 
before the males finally display sexual 
interest. 

The length of the muskrat estrual cycle is 
subject to some disagreement. Beer (1950) 
states that it averages 28.7 days. McLeod 
and Bondar (op. cit.) indicate an average 
of 6.1 days. After careful consideration of 
both figures and after correspondence with 
both investigators, I accept McLeod's esti- 
mate as being nearer the true length of the 
cycle. Beer’s figure may represent pseudo- 
pregnancies resulting from the laboratory 
technique used in his study. The 6-day 
cycle would give rise to a much higher prob- 
ability of all adult females being fertilized. 
Errington (1937), Beer (op. cit.), and 
McLeod and Bondar (op. cit.) all agree 
that the muskrat undergoes a postpartum 
estrus. McLeod (pers. comm.) states that 
this occurs within 24 hours following par- 
turition, and lasts for 1 or 2 days. 

While photoperiodism undoubtedly has a 
profound influence on preparing muskrats 
for the breeding season, some weather fac- 
tor is probably required to trigger the actual 
initiation of breeding. Sprugel (1951), work- 
ing in Iowa, considered the initiation of the 
breeding urge to be manifested by the 
spring dispersal of muskrats to their breed- 
ing quarters. He attempted to correlate this 
with various weather factors, including 
average air temperature and snow and ice 
conditions. In addition, he considered the 
degree of sexual maturity and social intoler- 
ance. He found that each of these factors 
had a bearing upon the initiation and rate 
of spring dispersal, although no one in it- 
self was strong enough to bring it about. 
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tures near Delta, 1956. 


The winter of 1955-56 was severe at 
Delta, with low temperatures and a record 
100 inches of snow. The marsh did not 
begin to open up until the last week in 
April. Complete opening occurred by the 
end of the first week in May, although the 
bays were, for the most part, still solid 
with ice. 

To determine whether or not any cor- 
relation existed between the onset of musk- 
rat breeding and temperature at Delta in 
1956, the daytime highs and the nightly 
lows, as recorded by the official weather 
station at Portage la Prairie (about 15 miles 
south of the marsh), were plotted for the 
period April 1 to May 15 (Fig. 2). The tem- 
perature trends shown in this graph indicate 
a pronounced warming during late April 
and the first few days in May. Although the 
daytime temperatures were becoming quite 
warm, with a 62° high on May 4, the nightly 
temperatures remained in the low 30's dur- 
ing this period and through May 6. On May 
7 the temperature rose to 64°; the signifi- 
cant factor, however, is thought to be the 
low recorded for the night of May 7-8, when 
the temperature dropped only to 51°. Fog 
and light rain prevailed during that night. 
Delta trappers have informed me that they 
have noted a great amount of movement and 
much noise from the muskrats, which they 
interpreted as the beginning of breeding, 
on nights at this time of year that were 
warm with a light rain. By backdating from 
the birth dates of muskrats born during the 
first peak of litter production in 1956, I 
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found that they were conceived at just 
about the time of this warm night. 

The 1955 temperature data were also 
plotted to determine if the apparent corre- 
lation noted in 1956 was also present during 
that year. The spring of 1955 was much 
warmer than that of 1956 and the relation- 
ship of breeding to temperature is not as 
clearly defined. Temperatures nearly as 
high as those that apparently initiated 
breeding in 1956 occurred during the period 
of April 8-11 in 1955. These did not initiate 
breeding because the muskrats were, in all 
probability, not yet physiologically ready. 
Cold weather then set in and lasted until 
late April. A warming trend was then ini- 
tiated, reaching its peak on May 1-2. The 
low temperature on that night was 56°; in 
addition, a 3-hour rain shower was recorded. 
Backdating from the first peak of litter pro- 
duction indicated that the first significant 
amount of breeding took place at this time. 

It would appear that it takes a night in 
early May with the temperature remaining 
above 50°F. and preferably combined with 
a light rain to trigger the onset of muskrat 
breeding at Delta. While a simple tempera- 
ture correlation does not fit in with Sprugel’s 
(ibid.) observations in Iowa, it is possible 
that temperature is a more critical factor 
and thus exerts a stronger influence on the 
activities of muskrats in their more northern 
environment. 

The exact length of the muskrat gesta- 
tion period is subject to some question in 
the literature. Most authorities (Errington, 
1937; Beer, op. cit.; McLeod and Bondar, 
op. cit.), on the basis of both field observa- 
tions and laboratory experiments, agree that 
the average is between 22 and 30 days. 
Variation in the duration of gestation has 
commonly been noted and is probably to be 
expected due to the normal vagaries of 
pregnancy. 

The intervals between two and three suc- 
cessive litters for each of ten adult females 
at Delta during 1956 ranged from 18 to 35 
days and averaged 27.9 days. The figure 
presented by McLeod, Bondar, and Diduch 
(1951), derived in the same manner, was 
28 days. When the birth dates of all litters 


found during the breeding seasons were 
graphed by weekly intervals, well-defineg 
peaks of litter production, occurring 28 days 
apart, were noted. This is caused by the 
initial breeding period being synchronized 
by a triggering weather factor; the monthly 
interval between peaks results from the 98. 
day reproductive cycle, consisting of ges. 
tation period and immediate postpartum 
estrus. 


“NORMAL SOUTHERN MANITOBA 
REPRODUCTIVE DATA 


Before discussing the muskrat reproduc. 
tive irregularities that occurred during the 
spring and summer of 1955 and 1956, it is 
appropriate first to review a picture of 
“normal” breeding in southern Manitoba as 
provided by McLeod, et al. (ibid.) for the 
years 1948-51. 

The first litters, averaging about seven 
young, are produced during the last ten 
days in May, and the first peak of produc- 
tion occurs during early June. Litter pro- 
duction continues through June and is es. 
sentially completed (87 per cent) by July 
15. Breeding females produce an average 
of 1.7 litters or about 12 young per season. 
Fifty-four per cent of the adult females bear 
only one litter, 21 per cent produce two 
litters, 22 per cent three litters, and 3 per 
cent give birth to four litters. 

A graph of the weekly distribution of 
birth dates of litters found in the field shows 
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TaBLE 3.—WEATHER AND Lake LEveLS AT DELTA DURING THE First PEAK OF LITTER PRODUCTION 
AND THE WEEK FOLLOWING’ 


























1955 1956 
Month and Mean Daily Total Daily Lake Level? Month and Mean Daily Total Daily Lake Level? 
"Day Temp. (°F.) Ppt. (in.) (ft.) Day Temp. (°F.) Ppt. (in.) (ft.) 
May 29 60.3 cae +3.25 June 3 68.7 +2.30 
‘ 63.3 -— +3.25 4 69.4 —- +2.30 
31 68.5 ca +1.70 5 73.4 1.08 +2.25 
June 1 67.8 a +3.00 6 60.7 0.72 +2.30 
2 60.8 a +3.05 7 64.0 —— +2.55 
4 61.7 1.76 +3.35 8 68.9 _—- +2.60 
4 57.3 0.96 +4.05 9 74.9 — +2.65 
5 63.1 0.02 +3.80 10 81.3 — +2.50 
6 54.5 0.06 +4.05 1] 81.5 —— +2.45 
7 54.8 0.01 +4.05 12 12.5 0.04 +2.65 
8 53.3 0.34 +4.50* 13 68.4 — +2.65 
9 49.3 0.02 +4.50* 14 60.7 — +2.75 
10 48.9 +4,25 15 58.2 —— +2.75 
1l 53.6 +4.00 16 64.6 +2.35 





1 Temperature and precipitation from official weather station at Portage la Prairie. Lake levels recorded at Delta by 


Water Resources Branch, Province of Manitoba. 
2 Difference from 40-year mean of 812.00 ft. 
3Maximum gauge reading; level actually higher. 


peaks occurring at monthly intervals, but 
with a progressive reduction in the magni- 
tude of each successive peak (Fig. 3). This 
reduction may be the result of the increas- 
ing effects of physiological and/or psy- 
chological barriers to breeding as the sea- 
son progresses. 

McLeod and Bondar (op. cit.) found 
evidence in the laboratory of a progressive 
decline in the sexual activity of male musk- 
rats with the advance of the season. Sexual 
activity usually terminated during the first 
part of August with accompanying testicular 
atrophy. They also found that females con- 
tinued to come into estrus beyond the first 
of September and exhibited an aggressive 
desire to mate. At this time of year, how- 
ever, the males showed “a pronounced in- 
difference to mating.” It was concluded 
that “the reproductive rate of the muskrat, 
then, appears to depend almost exclusively 
on the sexual activity of the male... .” 

In support of this conclusion, I obtained 
data for muskrats in the wild in late August 
1956 when 37 adults were collected on the 
Delta marsh. Macroscopic and microscopic 
examination of the testes and accessory 
male reproductive glands indicated that 
males had long since passed prime breeding 
condition. However, microscopic examina- 


tion of the cell structure of the vaginal 
epithelium proved that the ovaries of 11 of 
12 females were still functional in initiating 
the estrual cycle. It is strongly suggested 
that, while there: are undoubtedly several 
other factors involved in determining the 
rate of muskrat production over the entire 
season, reduced sexual activity on the part 
of the males rather than the females is a 
limitation to late-season muskrat breeding. 
“Normal” data on survival of young from 
birth to trapping season are not available 
for southern Manitoba, but would probably 
be very close te 50 per cent, the average for 
many sections of the northern United States 
and Canada (Errington, pers. comm. ). 


REPRODUCTIVE IRREGULARITIES, 1955-56 
1955 Reproductive Data 


In 1955 the first peak of litter production 
occurred during the week of May 29. Dur- 
ing this and the following week, violent 
northwest storms caused wind tides that, 
with almost continual heavy rainfall, pro- 
duced a 1.5-foot rise in the already high 
water levels on the marsh (Table 3). In the 
24-hour period between June 8 and 9, when 
the first litters were still less than 1 week 
old, a water gauge in the marsh recorded a 
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Fic. 4. Distribution of muskrat litter-birth dates 


at Delta during 1955. 


rise of 8.4 inches. In addition, temperatures 
were considerably below normal. All of 
these factors combined to produce very 
poor conditions for survival of nestling 
muskrats. 

On June 10, a trip was made through part 
of the marsh to see how the muskrats were 
faring. Several litters were found exposed 
on the tops of flooded-out houses. Some of 
these were being brooded by adults. Many 
of the young were cold and in poor condi- 
tion and showed very little inclination to 
move about. 

The distribution of litter birth dates for 
1955 (Fig. 4) shows a reversal of the 
“normal” graph; instead of a progressive 
decline in the number of litters born in each 
succeeding peak, there is an increase. This 
departure from normal may be the result of 
a virtual wiping-out of the first litters by 
drowning and chilling; undoubtedly many 
litters were born during the first peak, but 
very few survived to be found. Further- 
more, I believe that the high, late peaks of 
litter production and the extended period of 
reproduction represent compensatory breed- 
ing that was stimulated by the poor success 
in raising early-born young. The evidence 
supporting this hypothesis follows. 

First, the breeding season was extended 
well into August and, instead of the normal 
13 per cent of the total production occur- 
ring after July 15, approximately 43 per cent 
occurred after that date in 1955. Errington 
(1951) has often witnessed such extension 
of the reproductive period in Iowa and 
states that “. . . the poorer the success in 
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rearing early-born young, the greater the 
likelihood of breeding being prolonged jy, 
compensation (as into August and Septem. 
ber) and of unusually large proportions of 
late-born young surviving.” 

Second, placental-scar counts of 73 ute;j 
revealed that each breeding female had pro. 
duced an average of 19.4 young, or 2.7 litters 
during the season. This is a full litter more 
than normal. Also, from this same sample, 
I found that only 4 per cent of the females 
had produced single litters, while 29 pe, 
cent had given birth to two litters, 57 per 
cent three litters, and 10 per cent had borne 
four litters; this was more than two and 
one-half times the number of third and 
fourth litters normally produced. 

Finally, there was the factor of survival 
of young to the trapping season. It may be 
appropriate to digress here and examine the 
basis of the method of determining survival 
used in this paper. In this study, survival 
data were calculated by comparing the ratio 
of adult females to juveniles among the 
harvested muskrats with the average num- 
ber of young produced per adult female as 
determined by counts of placental scars, 
This method is widely used, but as Erring- 
ton (pers. comm.) warns, “. . . local age 
ratios can be extremely misleading and un- 
reliable criteria of survival if used alone 
without reference to events in the field, 
such as unusual adult mortality, popula- 
tion adjustments that concentrate imma- 
tures in the most easily trapped parts of the 
population, etc. 

This method of estimating juvenile mor- 
tality makes two major assumptions: (1) 
that there is no mortality of adult females 
from breeding season to the harvest, and 
(2) that adults and juveniles are trapped 
in proportion to their actual ratio in the 
population. The error introduced by the 
first assumption tends to produce a higher 
estimate of survival of young than is 
actually the case. Although it is safest to 
think of survival values derived by this 
method as near-maximum estimates, the 
error introduced by this assumption is prob- 
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than 10 per cent, according to Errington 
(pers. comm. ). 

The error introduced by the second as- 
sumption would produce a lower estimate 
of survival of young than actually exists. 
It has been demonstrated that, whenever 
an area is first trapped or if an area is 
trapped only lightly, adults—especially 
adult males—are caught first (Marshall, 
1937; Lay, 1945; Dozier, Markley, and 
Llewellyn, 1948). Errington (pers. comm. ) 
declares that, as a rule of thumb, when half 
the muskrats on a given area have been 
trapped, two-thirds of the adults have been 
taken. The magnitude of the error resulting 
from this second assumption seems to de- 
pend largely upon both the sample and its 
distribution in time. A smaller sample of 
the animals throughout the harvest would 
yield more accurate age ratios than a larger 
sample at the beginning or end of trapping. 

Close contact with the population from 
breeding season to trapping season did not 
reveal any unusual amount of adult mor- 
tality, concentrations of particular age 
classes which would make them more or 
less susceptible to trapping, or other factors 
that would appreciably bias the age ratios 
and significantly affect the survival esti- 
mates. In addition, the sample of uteri used 
for placental-scar counts was adequate, and 
the sample of harvested animals was well 
distributed in relation to the trapping pres- 
sure. This, combined with the fact that the 
errors resulting from the two assumptions 
inherent in the method may be compensa- 
ting in nature, has led me to believe that the 
figures presented herein on survival are the 
best approximations available. 

Trapping-season age ratios based on ap- 
proximately 2,000 animals revealed that, of 
the 19.4 young produced per female in 1955, 
10.5 had survived; this yields a survival 
value of 54.2 per cent, which is just about 
normal. Thus, it seems that the compensa- 
tory production of an extra litter during the 
summer brought about a normal survival 
of young. 

Evidence that it was late-born animals 
that survived was obtained from results of 
an examination of over 700 skulls from a 


random sample of harvested muskrats. A 
method utilizing dental patterns was de- 
veloped (Olsen, op. cit.) by which juveniles 
of early-born and late-born litters could be 
separated. This work indicated that 65 per 
cent of the surviving juveniles were born in 
the latter half of the breeding season, while 
only 35 per cent were born in the first half 
of the season. 

In summary, in 1955 the Delta muskrat 
population was stimulated into prolonged 
breeding and greater productivity by a 
severe mortality of early-born litters, and 
was thus able to compensate for this loss to 
the population. 


1956 Reproductive Data 


During the winter of 1955-56, the musk- 
rat population was cut back by approxi- 
mately 85 per cent. The pretrapping-season 
population was estimated by the house- 
count method at 8,200 animals. Trapping 
and a severe epizootic of Errington’s disease 
accounted for about 7,000 animals, leaving 
a total of approximately 1,200 breeders, or 
one muskrat to 2 acres of marsh. This is 
a relatively low breeding density, even when 
the reduced carrying capacity of the marsh 
is taken into consideration. 

Water levels had receded during the fall 
and winter, averaging 1.5 feet lower during 
the spring and summer of 1956 than in the 
latter part of the preceding summer. The 
weather during April and May was consider- 
ably cooler than in 1955, and the onset of 
breeding came 1 week later. 

The first peak of litter production oc- 
curred during the week of June 3. Con- 
ditions at this time and during the following 
week were ideal for litter survival, with no 
pronounced water-level fluctuations, fair 
weather with little rain, and above-average 
70° temperatures prevailing (Table 3). 

The distribution of litter birth dates for 
1956 (Fig. 5) shows that there were again 
some major variations from the normal dis- 
tribution. There were three well-defined 
peaks, but the middle, rather than the first 
one, was largest in magnitude. Also, there 
was a good deal of litter production be- 
tween the peaks. 
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Fic. 5. Distribution of muskrat litter-birth dates 


at Delta during 1956. 

There is evidence that the explanation for 
both of these divergences was the presence 
among the breeders of an abnormally large 
proportion of late-born young from the pre- 
ceding year; it has already been noted that 
65 per cent of the sample of juveniles from 
the November 1955 and April 1956 harvests 
were in this age category. Autopsies of 200 
muskrats during April 1956 revealed that 
development of the reproductive tracts 
toward the breeding condition was not as 
advanced in these late-born young as in the 
early-born young and adults, and that they 
would probably not be capable of sexual 
response to the triggering action of a 
weather factor in early May. Thus, it is 
highly probable that these animals did not 
commence breeding until later and were 
“out of phase” with the peak periods of pro- 
duction throughout the summer. Stevens 
(1953) noted a similar discontinuity in a 
series of births in the Northwest Territories, 
stating that “. . . at about the time the older 
females have finished giving birth to their 
first litters the younger females are begin- 
ning to give birth to theirs.” 

Another factor that may have been opera- 
tive in preventing some animals from re- 
sponding to the initial breeding stimulus, 
thereby forcing them to be “out of phase,” 
was a deficiency in the food supply. The 
reduction of plant food species, which re- 
sulted from the abnormally high water 
levels, forced part of the population to 
overwinter in marginal or submarginal 
habitats on the marsh; trapping-season ob- 
servations revealed a seeming deficiency 
in the food supply in these areas. Errington 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 23, No. 1, JANUARY 1959 


(1941) indicated that inadequate winte, 
diet (1) caused retardation of the rate a 
which young muskrats matured and (2) 
delayed the breeding season of individual 
on his lowa study areas. 

I do not know if epizootic disease, such as 
was present during the winter of 1955-56 
produces effects on survivors that are manj. 
fested in delaying the breeding season oy 
in loss of reproductive vigor. It could cop. 
ceivably have an adverse influence oy 
breeding physiology and thus affect pro. 
duction during the following breeding 
season. 

In 1956, the breeding season at Delta was 
again extended into late August, with 23 
per cent of the litters found born after July 
15. This is somewhat lower than the 1955 
figure of 43 per cent but is still considerably 
above normal. The physiological barriers 
against late-season breeding were apparent- 
ly overcome by a psychological stimulus to 
prolonged breeding, the stimulus being pro- 
vided this year not by the death of early. 
born young but rather by the ability of the 
young to find adequate room in which to 
spread away from the breeding adults. The 
latter, then, were not crowded, and the 
inhibitory effects of crowding upon breed- 
ing and production were not manifested. 

Breeding females continued their high 
rate of reproduction, giving birth to an 
average of 20.4 young, or 2.8 litters each. 
In a sample of 65 adult females examined, 
3 per cent had not conceived in 1956, only 
2 per cent had produced a single litter, 24 
per cent had given birth to two litters, 66 
per cent three litters, and 5 per cent had 
borne four litters. This was nearly three 
times as many third and fourth litters as are 
normally produced and was much the same 
distribution that was noted in 1955. 

Survival was somewhat greater in 1956 
than in 1955. The age ratio calculated from 
the fall-trapping season was 12.9 juveniles 
per adult female, indicating a 63.4 per 
cent survival of young. The dental-pattern 
method of determining the percentages of 
early- and late-litter juveniles among the 
harvested animals was not used on the 1956 
sample. However, the frequency distribu- 
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Taste 4.—SUMMARY OF RepropuctivE Data For Detta Muskrats IN 1955 aNnp 1956 AND “NORMAL” 
DATA FOR SOUTHERN MANITOBA 








———_—__ 








Year “‘Normal” 1955 1956 
Period of litter production 5/11-8/9 5/8-8/27 5/13-9/1 
Percentage of litters born 

Before July 15 _.... NEE EEL 87 57 77 

After July 15 iu 13 43 23 
Seasonal production per female 

Number of young -_.._... s saplie lea titanade 11.9 19.4 20.4 

I TP TID sccsoncanensivsncitoneioincsiabotiotebi 1.7 2.7 2.8 
Percentage of females producing 

1 litter alecodes eds 54 4 2 

2 litters F Dae ; 21 29 24 

3 litters : : 22 57 66 

4 litters 3 10 5 
Survival to trapping season 6 = 50% 10.5 = 54.2% 12.9 = 63.4% 

12 19.4 20.4 

tion of weights of trapped juveniles indi- SUMMARY 


cated that representation of the age classes 
was approximately in proportioa to the 
relative numbers produced during each of 
the peak periods of reproduction. 

It appears that muskrat breeding and re- 
production at Delta in 1956 conformed to 
the “inversity principle,” which states that 
there is an inverse relationship between the 
density of the spring breeding population 
and the rate of production. That this prin- 
ciple is valid for muskrat populations has 
been proven repeatedly by Errington (1951, 
1954, 1956) and also by Beer and Truax 
(op. cit.). The extended breeding period 
and high productivity noted in 1956 are 
thought to have resulted from (1) the 
stimulation inherent in low-density breed- 
ing populations, (2) diminished population 
tension, and (3) increased opportunity for 
young to disperse from foci of adult activity. 

These same factors may also have been 
operative in the 1955 breeding season, com- 
bining their influence with the stimulation 
of early-litter mortality. However, survival 
data and the distribution of litter birth dates 
substantiate the original contention that the 
high productivity noted in that year was pri- 
marily the result of excessive early-litter 
mortality and compensatory breeding. 

A comparative summary of 1955, 1956, 
and “normal” reproductive data is presented 
in Table 4. 


During the summers and harvest seasons 
of 1955 and 1956, an investigation of musk- 
rat ecology and population dynamics was 
conducted on 2,500 acres of marshland at 
Delta, Manitoba. Record-high water levels 
prevailed during the period of study and 
resulted in a great reduction in the density, 
distribution, and quality of emergent musk- 
rat food and cover plants. Southern Mani- 
toba is an area of intergradation among 
three subspecies of muskrats (O. z. cin- 
namominus, O. z. zibethicus, and O. z. 
albus). 

The average litter size was 7.1 and 7.3 
young, respectively, for 1955 and 1956. 
Average litter sizes were found to vary with 
increasing age of the litters and with pro- 
gression of the breeding season. Males con- 
stituted 58 per cent of the members of 69 
complete litters during 1956. A progressive 
unbalancing of the sex ratio toward an ex- 
cess of males was observed to be correlated 
with increasing age of the litters. 

Recapture of tagged animals allowed the 
construction of a muskrat growth curve. 
Juvenile muskrats at Delta have a very 
rapid growth rate during the relatively short 
period during the summer when growth 
conditions are optimum. The rate declines 
rapidly after early fall; and little, if any, 
growth occurs from November through 
March. 
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Photoperiodism probably prepares musk- 
rats for the breeding season, while a weather 
factor seems to be necessary to trigger the 
onset of mating. A correlation was found 
between temperature and the initiation of 
breeding. This synchronization of the ini- 
tial breeding period, combined with a 28- 
day reproductive cycle consisting of gesta- 
tion period and immediate postpartum 
estrus, gave rise to peaks of litter production 
occurring at 4-week intervals. 

Reproductive phenomena noted during 
the 1955 and 1956 breeding seasons ex- 
hibited some rather marked departures from 
that considered normal for the region: the 
period of litter production was extended 
considerably, and a much greater individual 
productivity was observed. In 1955 these 
irregularities were the manifestation of a 
compensatory response to severe mortality 
of early-born young. In 1956 they were 
brought about as a psychological response 
to an uncrowded habitat. 
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RELATIVE ESTIMATES OF FOX POPULATION LEVELS 


John E. Wood' 


Division of Vertebrate Ecology, School of Hygiene and Public Health, Johns Hopkins University, 
Baltimore, Maryland 


The present study was initiated to collect 
data on fox populations in a large homo- 
geneous area in the Southeastern States. 
This report describes the methods de- 
veloped for estimating relative population 
levels in large areas and also gives the re- 
sults obtained from several counties in three 
states. Although both gray foxes (Urocyon 
cinereoargenteus) and red foxes (Vulpes 
fulua) are present in most of the areas 
studied, this paper deals primarily with the 
gray fox, which is far more abundant in this 
region, and all references are to this species 
unless otherwise stated. The study was con- 
ducted from June 1952 to February 1957 
with headquarters at Thomasville, Georgia. 
The large plantations of this section afforded 
ideal study areas for developing methods 
and providing data for the basic ecological 
studies. The area included in this discus- 
sion, however, extends far beyond the head- 
quarters area to include 25 counties of 
Georgia, Florida, and South Carolina.2 The 
wide distribution was purposely selected to 
provide data for comparisons over a large 
area and to insure coverage of a large num- 
ber of population levels. Three of the coun- 
ties studied lie north of the fall line separa- 
ting the Coastal Plains and the Piedmont 
Plateau, and two border the fall line. The 


‘Present address: Jacksonville University, Jack- 
sonville, Florida. 

*Georgia counties include Bacon, Ben Hill, 
Brooks, Coffee, Colquitt, Crisp, Decatur, Fort 
Benning, Grady, Jackson, Mitchell, Newton, Put- 
nam, Seminole, Thomas, Ware, and Wayne; Florida 
counties include Jackson, Jefferson, Leon, Liberty, 
Marion, Wakulla, and Washington; and the Savan- 
nah River Project in South Carolina. 


remaining 20 counties (13 in Georgia and 
7 in Florida) lie well within the Coastal 
Plains. 

This research was conducted under U.S. 
Public Health Service Grant E260 to Johns 
Hopkins School of Hygiene and Public 
Health. I am indebted to David E. Davis 
for numerous suggestions and to Rexford D. 
Lord, Jr., for data from his trap lines. 


Stupy AREA 


An attempt to describe in any detail an 
area of this geographic extent is beyond the 
scope of this paper. Nineteen of the 25 coun- 
ties, however, have certain characteristics 
that make them fairly uniform. Except for 
the three counties in the Piedmont Plateau 
and the three southernmost counties studied 
in Florida, the topography is generally roll- 
ing, and the soil is sandy. Water is abundant 
in the numerous creeks, rivers, and swamps, 
which are bordered in most instances by an 
oak-hickory complex layered with dense un- 
derbrush. Open pine forests are general 
throughout, and naval-store products, pulp 
wood, and lumber represent an important 
part of the economy; however, farming is 
the major enterprise. Since World War II, 
the agriculture of these 19 counties and of 
the area in general has been changed 
greatly. The tenant share-crop system of 
farming is decidedly decreasing as the ten- 
ants leave the farm for industrial employ- 
ment, and much of the land once planted 
to cash crops is now restricted by the agri- 
cultural allotment system. This results in an 
increasing amount of fallow land. Most of 
this acreage is left to pass through its suc- 
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cessional stages, but a considerable amount 
is now in planted stands of pines or pastures. 

The agricultural practices are carried out 
on small irregularly shaped fields separated 

by weedy-brushy fence rows or wood lots. 
The crops consist essentially of tobacco, cot- 
ton, corn, peanuts, watermelons, and truck 
crops. Hogs are very numerous and, al- 
though in most instances fenced from high- 
ways, they have the freedom of the pastures, 
woods, and swamps. 

The Fort Benning and Savannah River 
Project (SRP) areas border the fall line and 
are restricted government reservations that 
support no farming activities. There are 
numerous old fields dispersed among the 
woodlands and streams. 

Jackson, Newton, and Putnam counties of 
Georgia lie in the Piedmont Plateau, and 
their physiography is considerably different 
from that of the Coastal Plains. They differ 
from the other counties studied in having 
a heavy clay soil, a very hilly topography, 
and an oak-hickory forest complex. The 
agricultural practices differ from those on 
the Coastal Plain. The fields are smaller, 
and there are fewer hogs. Tobacco, water- 
melons, peanuts, and truck crops are second- 
ary to cotton, forage crops, and beef pro- 
duction. 

Liberty, Wakulla, and Marion counties of 
Florida, although Coastal Plains counties, 
differ from the others in that the soil is deep 
sand and little, if any, farming is conducted 
in these counties. 

The fox population within the whole 
region is continuous. In some areas the 
numbers were quite low as compared to 
others, but these areas are restricted in size 
(Wood, Davis, and Komarek, 1958). The 
river systems may slow down movements 
or cause two populations to be discontin- 
uous, but with the numerous bridges it is 
doubtful that these barriers have more than 
a delaying effect on the intercourse of the 
separated populations. 


METHOD OF ESTIMATING RELATIVE 
POPULATIONS 


Adequate methods of evaluating the num- 
bers of wild species have been the subject 


of much research, but few of these effort, 
have been directed to developing methog; 
for comparing carnivore populations. Num. 
bers of foxes have been estimated by seyer,| 
methods. Scott (1941), working with eq 
foxes, used den counts to arrive at the Popu- 
lation. Richards and Hine (1953) in Wig. 
consin checked fox signs at scent stations 
along routes about 30 miles long. In the 
rabies-control project in New York (Me. 
Keon, 1952), foxes were checked by ayer. 
aging the number of tracks per road mile 
on days following a fresh snowfall, but the 
system was not considered to be valid. This 
report also compared densities of foxes 
among areas by using the daily catch. Tag. 
ging studies were conducted by Sheldon 
(1950) and others but were used mainly to 
determine extent of movement. Of course, 
many persons have used bounty records and 
fur catches in estimating populations. 
Since none of these systems, as such, 
proved adequate for this study, an effort 
was made to develop a method for compar- 
ing fox populations that would provide data 
that could be statistically analyzed. Lord 
(1956) determined fox numbers on a limited 
area by noting the change in the number 
of young produced before and after a known 
number of females had been sterilized and 
released, but this specialized method was 
not designed for use over wide areas. 
Standardized trap lines—The method 
developed for use in this study relies on 
sampling the population with standardized 
trap lines. In determining the most satis- 
factory way to standardize the sampling pro- 
cedure, such things as how to trap, where 
to trap, how long to trap, and how to space 
the traps were basic considerations. 
Manner of setting traps—Number two, 
coil-spring, steel traps were selected, since 
smaller traps and Verbail chain traps often 
allowed animals to escape after capture. No 
precautions were taken to eliminate odors; 
untreated new traps were used as well as 
weathered ones; and all sets were made with 
ungloved hands. No special concern was 
given to covering the trap chain, wiping out 
foot prints, or camouflaging the drag. There 
are those who claim that this crude method 
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is poor trapping technique, but it proved 
quite satisfactory in this type of census trap- 
ping and simplified the steps for a stand- 
ardized procedure. Special attention was 
given to placing the trap. Care was taken 
to select a trap site slightly off the trail and 
as close to a natural obstacle as possible. 
This required the animal to turn off the trail 
and pivot around the obstacle. If no natural 
obstacle was present, a small branching twig 
or weed 8 to 10 inches tall was stuck into the 
ground to serve as a pivot. The mechanics 
of setting the trap consisted of anchoring 
the trap chain to a drag stick, so that the 
captured animal would become tangled 
after leaving the trap site. About one tea- 
spoon of scent lure, consisting of a mixture 
of bobcat (Lynx rufus) and fox urine, was 
placed 10 to 12 inches behind the trap. 
Fresh lure was placed at each trap set every 
third day or following a rain. In hot dry 
weather, lure was added to the sets each 
day. 

Trap lines——The trap lines used in col- 
lecting the data were set along primitive 
roads. Roads were chosen because almost 
all observations indicated that the animal 
entering these cleared trails would follow 
them for some distance before turning off. 
In determining the areas most suitable for 
trap stations and to determine if sampling 
along primitive roads was justifiable, 151 
locations were selected along 18 primitive 
woods and field roads. The locations were 
in a series of 7 to 11 sites spaced at 0.2-mile 
intervals. At each location a trap was set 
at the edge of the road, and another was 
placed 50 to 100 yards from the road in the 
adjacent field. Each set consisted of a raked 
area about 3 feet in diameter with a clump 
of dry grass containing fox lure in the center 
or near one edge. Animals visiting the lure 
had to cross part of the raked area, and their 
visit was recorded by the track left in the 
soft soil. The mean percentage of roadside 
stations visited by foxes was 33.66 + 3.84, 
which is significantly higher than the mean 
percentage of field stations visited—8.28 
+ 2.23. 

To clarify this problem further, traps set 
on roads at 0.2-mile intervals were com- 


pared with traps set randomly at crossroads 
and also with grid trapping with a 14-mile 
interval between stations. The three meth- 
ods were conducted simultaneously on one 
plantation, and all signs indicated similar 
fox densities. Trapping along roads pro- 
duced 45 foxes or 38.5 trap nights per fox. 
The random trapping produced 7 foxes or 
140.2 trap nights per fox, and the grid sys- 
tem produced no fox captures in 304 trap 
nights. Since the latter two systems pro- 
duced less captures per unit of effort and 
since they are much more difficult to exe- 
cute in the field, they were rejected in favor 
of the road census. Graded roads with 
drainage ditches or roads bordered by 
woven-wire fences were avoided, since the 
ditches and fences provide obstacles that 
interfere with free movements and might 
prevent an animal from making a trap 
contact. 

The distance between traps was investi- 
gated with stations spaced at 0.1, 0.2, 0.3 
and 0.4 mile. All of the lines were set in 
October on a 25,000-acre tract of land. The 
lines were at least 14 mile apart, and each 
series traversed similar cover types demon- 
strating similar amounts of fox signs. Foxes 
were captured with all of the different trap 
spacings (Table 1). The percentage of sta- 
tions capturing foxes was calculated from 
the total number of stations rather than by 
averaging the percentages for each line. The 
lines with 0.2-mile trap intervals had a sig- 
nificantly higher proportion of positive sta- 
tions than did trap lines with greater or 
lesser trap intervals. Thus, a trap spacing 
of 0.2 mile was adapted for this study. 

Continuity of catch_—Trap lines were run 
a varying number of days to determine the 
point of diminishing returns in the number 
of captures for the amount of labor ex- 


TaBLE 1.—ErFFEct OF SPACING UPON TRAPPING 











RESULTS 
Spacing in Miles _- 0.1 0.2 0.3 0.4 
Number of lines 8 13 6 6 


Number of stations 120 117 42 ~ 38 
Stations capturing foxes 18 34 4 3 
Per cent capturing foxes 15.0 29.1 9.6 7.9 
Standard error 32 30 45 48 
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TABLE 2.—COMPARISON OF CAPTURES ACCORDING 
TO NUMBER oF Days THE LINE Was SET 











No. of No. of No. of Foxes Per Cent 
Trapping Lines Foxes per Line Captured 
Days Set Caught per Day’ in7 Days 
7 294 776 0.377 100 
8 55 152 0.345 96 
9 43 126 0.326 94 
10 33 105 0.318 93 
12 27 94 0.290 82 
13 18 60 0.282 85 
15 13 60 0.308 82 
20 11 62 0.282 yf 





pended. It is realized that all of the mem- 
bers of a population cannot be trapped nor 
can any given number of captures be as- 
signed as a percentage of the total, for the 
latter is unknown. However, a technique 
can be established that will standardize the 
procedure at maximum field efficiency. 
The trap lines were run in a wide variety 
of habitats during all seasons of the year. 
The time set varied from 7 to 20 days. The 
total capture of the line was considered to 
be 100 per cent, and each day’s capture rep- 
resents a proportion of the total catch 
(Table 2). Seven days were selected as a 
unit for standardizing the trap line, since 
lines run for 8, 9, or 10 days produced over 
90 per cent of their total catch by the seventh 
day and those run longer had a decidedly 
small percentage return for the number of 
trap days after the seventh. Presumably 
some of the foxes caught in the latter part 
were immigrants. 

The number of foxes captured on each 
day should decline in a regular manner un- 


less immigration is occurring. The lines ryp 
for 7 days captured 776 foxes. Of these 95 
per cent were caught the first day, 2] per 
cent the second, 16 per cent the third, and 
10, 9, 11, and 8 per cent on succeeding days, 
The essentially constant percentages on the 
last 3 days may represent immigration of 
foxes into the area. 


Track Count 


In addition to a trapping estimate, two 
variations of a track count were investigated, 
Neither of the two were developed early 
enough for extensive use in this population 
study. However, they show promise as a 
means of estimating fox populations. They 
would greatly reduce the amount of labor 
and equipment required in trapping and 
could be used in areas that prohibit the use 
of steel traps. At least one of the methods 
could be used in areas lacking a sufficient 
number of primitive roads. 

The first procedure, called the scent-post 
method, was conducted basically the same 
as the trap method, except that no trap was 
set. The data were recorded as station visits 
rather than station catch, and the line was 
run for 3 days instead of 7. None of the 
two summer scent-post counts or seven fall 
counts showed a significant difference from 
the results obtained from a trap line taken at 
the same time in the same area (Table 3). 
The probable reason that, in most instances, 
the percentage of positive stations was 
slightly higher in the scent post is that no 
animals were eliminated, and thus the same 
fox was free to visit other stations. This 


TABLE 3.—EsTIMATES BY SEVERAL TRACK CouNTS AT SCENT-POST STATIONS COMPARED WITH AN 
EsTIMATE BY TRAPPING ON THE SAME PLANTATION IN Two SEASONS 

















ScENT Post TRAP 

Number Number Proportion Stand. Number Number Proportion Stand. 

Season Lines Stations Positive Error Lines Stations Positive Error 

: 7 108 0.233 0.041 - 

Summer 6 103 0.269 0.029 9 76 0.212 0.055 
6 54 0.530 0.068 
4 35 0.525 0.084 
15 126 0.316 0.041 

Fall 19 182 0.468 0.038 4 4l 0.348 0.074 
6 51 0.465 0.069 
7 60 0.304 0.059 
5 42 0.351 0.074 
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run TABLE 4.—PROpORTION OF STATIONS THAT CauGHT FoxEs IN A RANDOM TRACK COUNT COMPARED 
eos with THE PROPORTION OF STATIONS IN A TRAPPING PROGRAM OF THE SAME TIME AND IN THE SAME AREA 
Per — Number Track Propor- Trap Propor- 
and Area Date Readings tion Positive tion Positive 
ays, Edge Plantation, Leon Co., Fla. April 1954 aT 0.455 0.236 
the April 1954 57 0.333 0.236 
1 of Sept. 1954 80 0.425 0.163 

June 1955 100 0.190 0.057 
Sept. 1955 74 0.149 0.115 
Oct. 1955 74 0.202 0.115 
Norias Plantation, Jefferson Co., Fla. June 1954 80 0.537 0.118 
two Oct. 1954 80 0.538 0.298 
ted. Oct. 1954 80 0.350 0.298 
“ June 1955 66 0.333 0.093 
ion June 1955 100 0.190 0.093 
: Sept. 1955 77 0.234 0.075 
‘ a Nov. 1955 87 0.161 0.075 
ey 
bor Bell Plantation, Thomas Co., Ga. Aug. 1955 67 0.179 0.041 
d Colquitt Co., Ga. Oct. 1955 74 0.473 0.294 
" Dec. 1955 74 0.500 0.109 
use Mitchell Co., Ga. Sept. 1955 68 0.235 0.114 
ods Jackson Co., Ga. Jan. 1956 74 0.500 0.134 
ent Jackson Co., Fla. Jan. 1956 74 0.432 0.448 
ost method required much less work than trap- ANALYTICAL METHOD 
me ping, and hence many more lines could be 
we placed. The precision of the estimate can Population data obtained by capturing 
its be greatly increased by the greater number animals in traps set in standardized lines can 
ras of lines. In Table 3 the standard error for be treated in numerous ways. In this study, 
he all the fall lines is about 2.1 per cent, which several schemes for comparmg data from 
all is much lower than that (7.4) for the Various areas were tried: (a) the propor- 
oa trapping. tion of stations capturing zero foxes (Wad- 
at The second procedure, called the random ley, 1954), (b) proportion of traps captur- 
), track-count method, required no field prep- ™8& foxes or the catch per trap night, and 
a5 aration. Undisturbed sandy, dusty, or (c) foxes captured per trap mile (Wood, 
as muddy areas that would record the track 1954). The latter two are usable and give 
n0 of a passing animal were randomly selected essentially the same results as the former 
ne and checked for the presence or absence (Wood, unpub. ms.) but are less satisfac- 
‘is of fox signs. This was essentially a quantita- ry, since (b) the catch per station does 
tive equivalent of a trapper’s qualitative 0° follow a normal distribution and (c) - 
" population estimate. The signs read may @Pture per trap mile the arithmetic is more 
be fresh, old, few, or many, but were re- involved for determining the significance of 
- corded only as present or absent. Nineteen difference for means than it is for propor- 
random track counts were taken in areas "ONS. Since for all practical purposes the 
- that were checked by trapping. Table 4 2€Fo proportions method of analysis pro- 
shows that there is a correlation (r = 0.548, vides the simplest versatile analysis and 
2 p = 0.02) between the proportion of “posi- lends itself to the analysis of data collected 
tive” stations obtained by the two methods. from random track counts and scent-post 
It is realized that this correlation coeffi- methods, it is adopted throughout this paper. 
cient accounts for only a portion of the total For use in this type of analysis, there must 
variables affecting both systems. However, _ be a record of the performance of each trap 
it demonstrates that the two methods have _ station on all of the trap lines. Table 5 shows 
7 controlling factors in common. the actual station catch and the expected 
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TABLE 5.—COMPARISON OF THE NUMBER OF 
OBSERVED AND OF EXPECTED STATIONS THAT 
Capturep 0, 1, 2, 3, on 4 Gray Foxes 














(O-E)? 
Foxes Stations Expected re a 
0 3,771 3,702.6 1.264 
1 524 647.0 23.383 
2 97 55.2 31.652 
3 15 3.2 
17 3.4 54.400 
4 3 0.2 
Totals 4,409 4,408.2 110.609 





station catch on the assumption of a Poisson 
distribution. Chi-square shows the distri- 
bution was not random; however, the num- 
ber of stations that caught zero foxes did 
not differ from chance. Hence, the number 
of stations catching zero foxes can be used 
in comparing population densities. The 
standard error was obtained by using the 





formula 2 : where p is the proportion 


that catches foxes, q is the proportion that 
does not, and n is the number of stations 
(each set for 7 days). In this paper the 
complement of the zero percentage (i.e., the 
percentage of stations that caught foxes in 
7 days) will be used, since it is more 
meaningful—higher percentages mean more 
animals. 

The range of the percentages (mean + 
2 SE) is used throughout this discussion to 
detect differences significant to 5 per cent 
confidence limits. This somewhat crude pro- 
cedure seems justifiable, since it will show 
rough statistical differences and more de- 
tailed analysis might well be refining the 
statistics beyond the field capacities. 


SEASONAL VARIATION IN CAPTURES 


Since the estimate of foxes is dependent 
upon the contact of a fox with trap stations, 
the numbers caught will reflect both the 
number of foxes and the amount of move- 
ment of the animals in the population. Thus, 
seasonal changes in the numbers of foxes or 
of movements could affect the estimate. It 
is generally accepted that there is a greater 
amount of movement within the population 


in winter than in summer. Greater winter 
movement of foxes in New York was te. 
ported by Sheldon (op. cit.) and in Wig. 
consin by Richards and Hine (op. cit.) 
During late summer and early fall, the 
family groups of gray foxes break up and, 
relatively large number of juveniles ar 
added to the trappable population (Lord 
op. cit.), thus increasing the fall and winte; 
number over that of summer. With these 
observations in mind, it seems reasonable 
to expect seasonal variation in estimates 
from what in reality may be a stationary 
population. If, however, the population js 
stationary or relatively so, these seasonal 
changes should be small and a fairly precise 
method might well be needed to detec 
them. 

Some data are available in this study to 
show significant differences in the seasonal 
estimates taken in the same area. Other 
data show considerable difference in the 
estimates, but have such large standard 
errors that the significance of these differ- 
ences can be no more than suggestive. 
Tables 6, 7, 8, and 9 are arranged by season 
and include data from areas trapped several 
times, as well as some areas trapped only 
once. There was a significant difference 
between the mean estimates of spring and 
summer censuses of Thomas County, the 
fall and winter census of Ben Hill County, 
and between the means of the spring and 
following fall of 1954 and fall and spring 
census of 1954-55 of the Savannah River 
Project. Wakulla County showed a signifi- 
cantly higher summer density than was re- 
corded for the fall. This unexpected reversal 
in seasonal density was obtained on the St. 
Marks Wildlife Refuge. Possibly the ani- 
mals there were less wary, since they had 
been protected from human interference. 

The remaining data show no significant 
differences among seasons, but in general 
the summer means were lower than those 
of the cooler months. 

The population data discussed in this 
paper are grouped into seasons, so that dif- 
ferences between seasons, real or suspected, 
will not affect the results. The four seasons 
used were selected to cover periods distinct 
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TaBLE 6.—SPRING Fox PoPpuLATION GIVING THE PERCENTAGE OF PosiTIVE STATIONS AND STANDARD 
Error (SE) ror Gray AND Rep Foxes’ 








Gray Foxes Rep Foxes 





Number of 








= — Sa lt. ee 
Jefferson Co., Fla. 1953 22 9.2 6.2 — — 
Thomas Co., Ga. 1953 39 15.3 5.8 — — 
1955 81 15.8 3.7 — — 

1956 190 12.9 2.6 1.0 0.7 

SRP, S.C. 1954 50 24.0 6.1 8.0 3.8 
1955 100 21.0 4.1 5.0 2.2 

1956 90 6.7 2.6 3.3 1.9 

Liberty Co., Fla. 1954 70 7.2 3.1 -— — 
Average of Percentages 14.0 4.2 4.3 2.2 





1A “positive” station is one that captured one or more foxes in the 7 days the trap was set. 


from others in weather conditions or normal 
fox activities. Winter includes December, 
January, and February. During this period 
mates are selected and breeding occurs. 
Spring includes the months of March, April, 
and May, the time of whelping, suckling, 
and rearing. Summer includes the hot 
months of June, July, August, and Septem- 
ber. Fall includes only October and No- 
vember, the first months the young are free 
from the family group. 

Seasonal estimates were conducted dur- 
ing successive years in seven counties to 
record the annual behavior of the popula- 
tion density. In these counties no organized 
efforts were in force to reduce the popula- 
tion. Tables 6, 7, 8, and 9 record the counties 
in which seasonal data were collected for 
two or more years. In only the Savannah 
River Project of South Carolina was there a 
significant change in estimate during the 
years. 

The population of red and gray foxes was 
checked in 25 counties of Georgia, Florida, 
and South Carolina. The areas checked are 
designated by counties in this report al- 
though, with few exceptions, not more than 
one-fourth of each county was included in 
the census. All counties of the Piedmont 
Plateau and those that had fox-control pro- 
grams are deleted from this discussion, so 
that it includes only the pristine densities 
of the foxes of the Coastal Plains. The data 
are grouped into seasons (referred to above ) 
and, for each area, the mean and standard 


errors for both red and gray foxes are shown 
(Tables 6-9). In addition, the captures for 
each season were pooled, and the mean and 
standard errors were calculated. This some- 
what crude procedure will show those popu- 
lations that had similar densities and desig- 
nate those that were significantly different 
from the average. The values obtained by 
averaging the percentages for each county 
are given in Tables 6-9. The values ob- 
tained by dividing the total number of gray 
foxes by the total stations are essentially the 
same: spring, 14.0; summer, 12.0; fall, 23.5; 
and winter, 22.4. 

During the spring, eight trappings were 
conducted in four counties, and in two of 
these the lines were checked during 3 sepa- 
rate years (Table 6). Red foxes were re- 
corded only in SRP, and no differences in 
estimates were noted among the years. In 
no instance did the gray fox population of 
any area differ significantly from the total 
mean. This indicates a rather homogeneous 
population throughout the area. However, 
the 1956 mean density in SRP was signifi- 
cantly lower than that for the same area in 
1955 and 1954. 

During the summer months, 13 estimates 
were made in six different counties; in three 
of these, data were collected during three 
summers and in one, during two summers 
(Table 7). None of the areas checked in 2 
or more years showed significant change in 
the numbers of gray foxes between years. 
Only Wakulla County showed a mean popu- 
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TABLE 7.—SUMMER Fox PopuLATION GIVING THE PERCENTAGE OF PosITIVE STATIONS AN 


D STANDARD 
Error (SE) ror Gray AND Rep Foxes! 

















Gray Foxes RED Foxes 
‘ Number of 
County Year Stations Per Cent Per Cent 

Positive SE Positive SE 

Jefferson, Fla. 1953 73 22.2 5.5 — poem 
1954 63 11.8 4.1 aa =e 

1955 45 9.3 4.4 mas sa 

Thomas, Ga. 1953 23 7.8 5.6 — aia’ 
1955 70 4.1 2.4 —— —— 

1956 134 4.1 i — — 

Mitchell, Ga. 1953 12 5.1 6.4 27.1 12.8 
1955 56 6.4 Ka} 2.8 2.2 

Leon, Fla. 1954 48 16.3 5.3 — ee 
1955 70 5.7 2.9 — sonia 

1956 85 7.8 2.9 — — 

Wakulla, Fla. 1954 80 32.5 5.2 — pone 
Brooks, Ga. 1956 56 Ly fe 5.0 as aa 
Average of percentages 11.6 4.2 14.9 75 





+ A “positive” station is one that captured one or more foxes in the 7 days the trap was set. 


lation significantly higher than the average. 
The fox population of the remaining 12 
estimates did not differ significantly from 
the average. Thus, in summer, notwith- 
standing the differences among areas, the 
fox population was essentially homogeneous 
throughout this region. The high population 
recorded in Wakulla County might be ex- 
plained by the fact that all of the lines in 
these counties were run on the St. Marks 


Wildlife Refuge where the foxes and other 
species have been protected for a number 
of years. 

In the fall, 16 censuses were taken in 2] 
counties, and, in two of these, data were col- 
lected during 3 years (Table 8). In this 
season, there was considerable variation 
among the estimates for the areas trapped, 
but only Washington County and SRP in 
1954 showed estimates significantly higher 


TABLE 8.—FaLt Fox PopuLation GIVING THE PERCENTAGE OF PosITIVE STATIONS AND STANDARD 
Error (SE) ror Gray AND Rep Foxes' 

















Gray Foxes RED Foxes 
County or Area Year eee Per Cent Per Cent 
ai , Positive SE Positive SE 
Thomas, Ga. 1952 35 11.9 6.7 —- 
Jefferson, Fla. 1953 4l 34.7 7.4 — — 
1954 59 29.8 6.0 — —_— 
1955 59 an 5.1 — — 
Washington, Fla. 1953 31 50.7 4.0 15.0 7.3 
Wakulla, Fla. 1954 70 11.4 3.8 — — 
Fort Benning, Ga. 1954 70 10.0 3.6 oes — 
SRP, S.C. 1954 100 55.0 5.0 10.0 3.0 
1955 100 22.0 4.1 — — 
1956 97 29.1 4.6 gf 2.6 
Leon, Fla. 1955 86 5 3.4 —_— — 
Mitchell, Ga. 1955 101 14.4 3.5 9.7 2.9 
Colquitt, Ga. 1955 95 93.2 4.3 4.4 2.1 
Ware, Ga. 1956 54 23.9 5.8 1.8 1.8 
Decatur, Ga. 1956 49 31.5 6.6 — — 
Coffee, Ga. 1956 54 14.0 4.7 7.4 3.6 
Average of percentages 23.8 4.9 7.9 3.3 





‘A “positive” station is one that captured one or more foxes in the 7 days the trap was set. 
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; 9—WINTER Fox PopuLATION GIVING THE PERCENTAGE OF POSITIVE STATIONS AND STANDARD 
TABLE 
Error (SE) ror Gray AND RED Foxes? 

















Gray Foxes Rep Foxes 
County Year —" Per Cent Per Cent 

; Positive SE - Positive SE 

Leon, Fla. 1954 64 26.6 be P| — — 
Crisp, Ga. 1954 41 18.7 6.0 34.4 7.3 
Jackson, Fla. 1954 25 30.0 9.2 —- —— 
1956 69 25.8 5.3 3.6 2.2 

Grady, Ga. 1955 34 26.4 7.6 — — 
1956 159 23.0 3.3 1.0 0.8 

Marion, Fla. 1955 69 14.8 4.3 nme oon 
Thomas, Ga. 1956 124 10.6 2.8 0.7 0.7 
Ben Hill, Ga. 1956 159 30.3 6.6 6.3 3.4 
Bacon, Ga. 1957 57 14.6 4.6 — — 
Wayne, Ga. 1957 52 25.3 6.0 3.8 2.6 
Seminole, Ga. 1957 57 26.3 5.8 6.4 3.2 
Average of percentages 22.7 5.5 8.0 2.9 





1A “positive” station is one that captured one or more foxes in the 7 days the trap was set. 


than the average of the entire area. Both 
of these areas supported land-use practices 
differing from the other areas. In the areas 
studied for 3 consecutive years Jefferson 
County, Florida, showed no difference in 
population estimates during 1953 and 1954, 
but in 1955 the estimate had decreased to a 
significantly lower value. In the SRP, the 
1954 number was significantly higher than 
that of 1955 or 1956 which in themselves 
showed no difference. 

Winter estimates were conducted in 10 
counties, and in two of these data were col- 
lected for 2 years (Table 9). There was less 
variation among the mean value in this sea- 
son than was observed in the fall data. This 
was probably due to the stabilization of the 
population after the young dispersed and 
the mates were selected. 

None of the areas showed mean popula- 
tions that were significantly different from 
the average. 

The majority of the fox populations in all 
seasons in this region were not significantly 
different from the average of the region as 
a whole, and the exceptions to this observa- 
tion were in all cases associated with factors 
not characteristic of the whole area. This 
strongly suggests that the population of 
foxes of the agricultural regions of the south- 
eastern Coastal Plains are essentially homo- 
geneous when considered in county units. 


Of course, local differences in numbers oc- 
cur within large units and have previously 
been reported (Wood, Davis, and Komarek, 
op. cit.). 


EFFECTIVENESS OF CONTROL PROGRAMS 


Although this study was not intended to 
evaluate fox-control programs, this phase 
cannot be ignored, since such programs 
affect the populations; hence, some data 
were collected on the efforts of these pro- 
grams to reduce existing levels of the fox 
population. 

The control technique used in this area 
was a county program in which land owners 
did the trapping under supervision and en- 
couragement of county officials. The suc- 
cess of this type of program varies according 
to the publicity given in the local area, the 
extent of damage or harassment caused by 
rabid foxes, the efficiency of the program 
administrator in supervising the program, 
and many other factors. Hence, the number 
of foxes removed is a poor indicator of the 
population size. In five counties, estimates 
were made to see if the removal of a specific 
number of animals would reveal itself in 
lowering the estimate (Fig. 1). The fox 
populations were checked in the counties 
before the control operation began and were 
checked again during or following the con- 
trol program. 
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Fic. 1. The effectiveness of a fox-reduction pro- 


gram in five counties of Georgia. The double 
horizontal line and included number indicate the 
duration of program and total foxes removed. The 
horizontal columns represent the time of census and 
the proportion of stations that caught foxes. In 
Mitchell County, note the zero proportion in the 
census 1 month after control program ended. 


In Mitchell County a control program was 
started in October 1955 and continued 
through January 1956. During this pro- 
gram, 396 gray foxes were removed from 
the population. Data were collected in this 
area 1 month preceding the control, at the 
time that the program was started, and 1 
month after its completion (Fig. 1). The 
estimate in August was slightly lower than 
that of October, but the two were not sig- 
nificantly different. The estimate taken 
after the control program was completed 
revealed no foxes. This does not mean that 
all of the foxes in that population were ac- 
counted for, but it strongly suggests that 
the population was effectively reduced by 
the control program. 

In Crisp County a fox-control program 
was conducted during the first 4 months of 


1955 and was repeated during the last month, 
of that year and the first 2 months of 1956 
During the two programs, 614 gray foxes 
were destroyed (351 in the first program 
and 263 in the last). Four estimates were 
made in this county. The first was taken ip 
December 1954, just prior to the first pro. 
gram. The second was taken one year later 
December 1955, and at the beginning of 
the second program. The third check was 
made in May 1956, 2 months after comple. 
tion of the second program, and the last was 
taken in December 1956. There was a de. 
crease in the estimate of the gray foxes from 
December 1954 to December 1955, but the 
difference was not significant. The second 
control program had no noticeable effects 
on the number of foxes. By December 1956, 
the estimate increased, in spite of the two 
previous control operations, to a new high 
significantly higher than it had been the 
previous year. The reason for this increase 
is not apparent, but it gives striking evi- 
dence that fox populations can respond 
quickly and can survive in spite of man’s 
efforts to control their numbers. 

Control measures were conducted in Ben 
Hill County during February and March 
1956, and 222 gray foxes were destroyed. 
Four population checks were made in this 
county to determine the effects of the con- 
trol program. The first estimate was taken 
in January, shortly before the control pro- 
cedures started. A second estimate 1 month 
after cessation of the program yielded a sig- 
nificantly lower mean value. An estimate 
in November showed an increase but was 
not significantly different from either of the 
previous checks. In April 1957, the popu- 
lation index differed but little from that 
recorded the previous year and was sig- 
nificantly different only from the first 
census. Apparently the very high number 
found in January 1956 was reduced to a 
more normal number that was maintained 
for at least the next year. 

In Colquitt Councy a fox-control program 
was started in October 1955 and continued 
until April 1956. During this time, 356 gray 
foxes were destroyed. Estimates were made 
during the first, second, and last months of 
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the control program. The mean index 
showed a steady decrease as the program 
continued, and the number at the end of 
the contro! was significantly lower than that 
recorded at the beginning. Thus, the pro- 
gram was effective in controlling the num- 
bers of foxes. 

When Decatur County initiated a 3-month 
control program starting January 1957, 460 
gray foxes were destroyed. The gray fox 
population in this county was checked 3 
months before the control began and again 
midway in the program after 180 foxes had 
been removed. The latter estimate, al- 
though not significantly different from the 
first, suggests a decrease that probably 
would have been significant had the census 
been obtained at the close of the program. 

It seems apparent that this method of 
estimation has potential value in indicating 
the success of a reduction program. 


SUMMARY 


The relative number of red and gray foxes 
was estimated in large areas of the South- 
eastern States by a series of standardized 
trap lines placed along primitive roads. The 
traps were placed at 0.2-mile intervals and 
the lines were run for 7 days, since this space 
interval was the most efficient in sampling 
populations with a minimum of immigra- 
tion. The comparisons among areas sampled 
were based on the proportion of trap sta- 
tions that caught foxes. A scent-post method 
permitted comparisons of populations by the 
proportion of stations that foxes visited, and 
this method gave similar results to that of 
trapping. 

Seasonal mobility in the population is 
suggested by the proportion of stations 
capturing foxes: spring, 14.0; summer, 12.0; 
fall, 23.5; winter, 22.4. The increase in the 
fall trap contact was in part due to increased 


movement and in part to the addition of 
young foxes. 

Little difference was noted in the gray 
and red fox population estimates in areas 
during successive. years or among areas of 
widely separate geographic location. This 
shows that the fox populations of the south- 
eastern Coastal Plains are quite homo- 
geneous. 

Evaluation of control campaigns was 
made in five counties by sampling before 
and after the programs. The census trap 
lines proved to be a satisfactory method of 
control evaluation and showed that control 
measures were temporarily quite effective 
in some areas. 
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FERAL SWINE IN THE SOUTHEASTERN UNITED STATES! 


R. P. Hanson and Lars Karstad 


Departments of Veterinary Science and Bacteriology, University of Wisconsin, Madison, Wisconsin 


The existence in the United States of a 
large population of feral swine is of signifi- 
cance both to livestock owners and wildlife 
conservationists. In this paper, we shall 
present preliminary information on the dis- 
tribution and numbers of feral swine and 
discuss what little is known of their biology. 
Our investigations have been limited to the 
Coastal Plains region of Georgia and South 
Carolina where since 1955 we have studied 
certain virus diseases of domestic animals 
and wildlife. Some of our observations on 
feral swine may not be typical of conditions 
in other areas. 


History 


In the southern part of the United States, 
the pig, Sus scrofa, is not only quite capable 
of getting along without the protection of 
man, but it probably has survived in this 
manner for four hundred years (Towne and 
Wentworth, 1950). The first swine to reach 
the United States were landed on the Gulf 
Coast in 1539 by Fernando De Soto (Lewis, 
1907). Swine escaped from De Soto’s en- 
tourage as he traveled over 3,000 miles 
through what is now southern United States. 

Other adventurers and the Spanish mis- 
sionaries continued to introduce swine 
at intervals during the seventeenth and 
eighteenth centuries. Indians aided in the 
naturalization of the swine, as the animals 
that passed into their hands were usually 
allowed to roam free in the woods, a custom 
which many of their white brethren also 
followed. When the French attempted the 
settlement of Florida in- 1560, Indians sup- 
plied them with pork from feral herds. In 
1697, Jonathan Dickinson (1790), who put 
ashore for a day on what was probably St. 
Simon Island (Georgia), reported that In- 
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dians in his party went hunting for deer anq 
hogs and brought in several of each. Syc) 
allusions to hunting swine are rather infre. 
quent in early records. In spite of many re. 
ports that swine readily took to the wood 
in Carolina and Georgia and increased pro. 
lifically there, the animals must not have 
spread far from settlements. If they did 
natives and travelers appear not to have 
considered them game. Moore (1840), who 
visited the coast of Georgia in 1744, and 
Kemble (1863), who spent the winter of 
1838-39 on Butler’s and St. Simon islands, 
do not mention feral swine in their accounts 
of game animals. However, there is no real 
evidence that feral swine ever disappeared 
from these areas. Salley (1911), who was 
secretary of the Historical Commission of 
South Carolina in 1911, asserts that feral 
swine were then to be found in the lower 
part of South Carolina. 

Intensive agriculture and urbanization 
have led to the disappearance of feral pigs 
in some areas; nevertheless, large numbers 
have persisted to the present time in the flat- 
woods of the Lower Coastal Plain. It is 
possible that the numbers have increased in 
the past 50 years, particularly along the 
Atlantic Coast and in Florida. Farther west, 
in Texas, the number is believed to have 
decreased (A. J. Springs, in litt., 1958). 

During the past century, individuals wish- 
ing to increase the sporting value of the ani- 
mals have introduced a few European wild 
boars into the feral herds on the coastal 
islands of Georgia and North Carolina (A. P. 
Cannon, in litt., 1957). In the mountains of 
Tennessee, an effort has been made to es- 
tablish the European wild boar (Stegman, 
1938; Shaw, 1941). Herds of feral swine 
with a considerable amount of “European” 
blood exist in two areas in the southern Ap- 
palachians. Although the distribution of 
these pigs is given in Fig. 1, they will not 
be discussed further in this article, which 
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Distribution of feral swine by counties. Information for this map was provided by wildlife 


biologists from each of the states reporting feral swine. Variation in the density of swine population 
is not shown. The two shaded areas in the Tennessee mountains were stocked with European wild 
boars about 1900. 


will be devoted to the feral swine of the 
Coastal Plain. 


BEHAVIOR 


The feral pig of today is not a uniform 
animal. Its varied ancestry is reflected in 
its color and its conformation. Some ani- 
mals resemble the ancestral razorback and 
others a scrub domestic hog. Most of the 
feral animals are more alert in behavior 
and more rangy in build than any domestic 
stock. The snout is long; and in males, the 
canine teeth used in fighting grow long and 
sharp. 

The line between the domestic and feral 
hog is not easily drawn in some of the south- 
em areas. Although he has never seen them, 
a farmer may claim as his domestic stock, 
pigs that have been farrowed in the swamp. 
Pigs that began life within the confines of 
a sty, clearly domestic, may range off their 


owner's properties onto federal and state 
lands. Without marks of identification, the 
domestic mongrels and feral pigs cannot be 
distinguished. With a tradition of free 
range, the problem of who owns wildland 
hogs complicates all programs for control. 
Most of our observations on reproduction 
and social behavior among feral swine have 
been made on Butler's and Champney 
islands in the Altamaha River Delta in south- 
eastern Georgia. These islands, which are 
part of the Altamaha Waterfowl Manage- 
ment Area, are low and, except for dikes 
erected for the control of water levels in 
waterfowl management, they are subject to 
tidal flooding. Mating, among the swine, 
seems to occur throughout the year. In 
February 1957, on Butler’s Island, we found 
a sow carrying fetuses measuring 4 inches, 
crown to rump. This animal was accom- 
panied by two 30-pound shoats. On another 
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occasion, in February, we observed a boar 
and a sow in the act of mating. In the same 
area, in 1957, pregnant and nursing sows 
were trapped during the months of July and 
August. Ten of 16 embryos, which had 
begun to develop, were dead and partially 
resorbed in a sow examined in February 
1957. Two of six fetuses were being re- 
sorbed in a sow examined in April 1958. 
Such prenatal losses may account for the 
fact that sows are frequently seen with no 
more than one, two, or three suckling pigs. 

Large boars occasionally travel alone, but 
more commonly feral swine range in small 
bands of eight or less and rarely in large 
herds. Pullar (1950) observed this tendency 
toward small bands in the feral swine of 
Australia. The animals have well-defined 
lanes of travel. On Butler's Island, paths lie 
along the tops or sides of dikes. These 
routes are used in going to and from feeding 
areas in the marshes. 

In the summer, pigs are inactive during 
the middle of the day, particularly from 
ll a.m. to3 p.m. During daylight, on warm 
days, the animals are active only during the 
early part of the morning and the latter 
part of the afternoon. Activity continues, at 
intervals, throughout the night. In studying 
feral swine on the Fort Stewart Army Reser- 
vation, we noticed that, under conditions of 
moderate hunting pressure, the animals had 
become more nocturnal in habits, remaining 
in seclusion most of the day. On Butler's 
and Champney islands, weather appeared to 
be the most important factor in determining 
their activity during daylight hours. On 
cloudy or rainy days in summer, we ob- 
served swine feeding at all hours. Along 
the coast, the tide has a considerable effect 
on the feeding movements of swine, as they 
follow the receding tide into the tidal 
marshes and retreat to higher ground as the 
tide comes in. Nests or “beds” are located in 
shaded areas on ground high enough to 
avoid tidal flooding. They are of two types: 
(1) to provide shelter for a sow with new- 
born pigs; (2) to provide comfortable loaf- 
ing facilities for one or more larger hogs. 
This second type is usually a mere shallow 
depression. The nests created by sows 


for farrowing purposes are more elaborate 
Shallow pits are formed and lined wig, 
marsh grass or Spanish moss ( Tillandsig 
usneoides). For some of the nests seen op 
Butler’s Island, the lining material had bee, 
carried 20 to 30 feet. 

There is considerable fighting among 
feral swine. In studying the animals oy 
Butler's Island, P. Knipping (in litt., 1957) 
reported that he frequently heard the 
sounds of fighting among hogs that were 
out of sight in the marshes. The resulting 
scars were seen by the authors on all of the 
large boars and on some of the sows. 


DISTRIBUTION OF FERAL SWINE 


Feral pigs are found on the Lower Coastal 
Plain of the Atlantic and Gulf coasts. Their 
distribution, as reported by state wildlife 
technicians, is depicted in Fig. 1. Some 
countries were said to have high popul- 
tions, and others to have only a few swine, 
In New Zealand, Wodzicki (1950) con- 
cluded that a population of one pig per 2 
acres is high, and less than one pig per 7 
acres is low. It is fairly evident in much of 
the area populated by feral pigs that they 
are more common than deer. The deer 
population for portions of the feral pig 
range in Georgia and Florida varies from a 
low of 7 to a high of 20 per square mile 
(Allen, 1948). We would guess that the 
density of feral pigs would be greater than 
this. On the Fort Stewart Army Reserva- 
tion in southeastern Georgia, the density of 
feral swine is estimated at 75 to 100 per 
square mile (C. E. Myers, in litt., 1958), 
The portions of the southeastern states be- 
lieved to have feral pigs total more than 
145,000 square miles. If there are 10 animals 
per square mile, the feral pig population of 
this area is almost one and one-half million. 
If the population approaches the density it 
has at Fort Stewart, it is five to ten times 
that figure. 

The present range of the root-grubbing 
feral pig of the Coastal Plain is probably 
determined by at least two things—climatic 
factors and land use. Frost penetration is 
important as ground frost increases the food- 
gathering problems of an animal that lives 
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Fic. 2. The average frost penetration in inches. Land lying south of line (1) has less than 1 inch of 
frost in the winter. Feral pigs of the Coastal Plain subsist primarily on roots and tubers (from U.S. 


Dept. of Agric., 1941). 


largely on roots and tubers. This limitation 
does not apply to the mast-eating feral pig 
of the mountains. The region that has less 
than 1 inch of frost is shown in Fig. 2. The 
geographic classification of the region is 
given in Fig. 3. Both Pullar (op. cit.) and 
Wodzicki (op. cit.) maintain that cover is 
essential for feral swine. The availability of 
cover in the Southeast is roughly inversely 
related to the intensity of agricultural use. 
Counties in which less than 10 per cent of 
the land is devoted to agricultural crops are 
shaded in black in Fig. 4. A general rela- 
tionship appears to exist between freedom 
from ground frost, the extent of the Lower 
Coastal Plain, the minimal use of land for 
cultivated crops, and the distribution of 
feral pigs. 


Diet 


Feral swine eat a wide variety of food- 
stuffs. Our examination of the contents of 
about 20 stomachs of swine from Butler’s 
Island during the winter of 1956-57 re- 


vealed only plant remains, primarily tubers 


and shoots of the wapota (Sagittaria pla- 
typhylla). Stomachs of 22 feral swine from 
Liberty County that we examined during 
the spring and summer of 1956 contained a 
considerable portion of animal remains. 
Earthworms (Pheretima diffringens and 
Lumbricoides sp.) and free-living leeches 
of undetermined species were found; as 
many as three hundred earthworms were 
counted from a single stomach. Remains of 
fiddler crabs (Uca sp.) and insects such as 
the lubber grasshopper (Brachystola magna) 
were found in stomachs of swine during the 
summer in the Butler’s Island area. Local 
observers (A. P. Cannon, in litt., 1958) also 
report that feral swine eat a considerable 
number of small animals—frogs, snakes, 
turtles, and rodents. As in the winter, vege- 
table foods make up a goodly proportion of 
the spring and summer diet. In the marshes, 
various species of Sagittaria and pickerel- 
weeds (Pontederia cordata) are eaten in 
large amounts. In upland areas, roots of the 
longleaf pine (Pinus palustris), acorns of 
the several kinds of oaks, and seeds of many 
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plants are consumed. When we have killed 
feral swine for disease examinations, we 
have seen hogs eat portions of carcasses left 
after necropsy. Pullar (op. cit.) reports that 
feral swine are fond of carrion and will feed 
on carcasses that have been dead for several 
days. Feral pigs of the Georgia Coast 
readily accept garbage, and, in our limited 
experience and in the experience of local 
trappers, this has been superior to shelled 
corn as a trap bait. 


PREDATION 


Man is the important predator of adult 
feral swine. On the Fort Stewart Army Res- 
ervation (C. E. Myers, in litt., 1958) and on 
some of the wildlife-management areas in 
Florida (Anon., 1956 and 1957), the feral 
pig is considered to be a game animal on 
which there is an open season. On Fort 
Stewart, the annual harvest is estimated at 
2,000 animals from a population estimated 
at roughly ten times that number. In most 
of the swamp country of the South, feral 
pigs are trapped or shot whenever the resi- 


dents are in need of pork. It is fairly com. 
mon practice in some areas to trap youn 
boars, castrate them, break their tusks, and 
feed them until they are fit to eat. In othe 
areas, castrated pigs are liberated and re. 
trapped when they are of suitable size. h 
most of the pine flatwoods, feral swine are 
hunted with dogs. In the coastal marshes, 
due to heavy stands of saw grass ( Mariscw 
jamaicensis), this practice is not feasible} 
and they are sometimes hunted from boats. 
The canine teeth of large boars are mean 
weapons that have disemboweled many 
hunting dogs. A. P. Cannon (in litt., 1957) 
has recovered a pair of tusks, each of which 
measured 9 inches in curved length. Harper 
(1927), the zoologist and historian of the 
Okefenokee Swamp, reports that, in earlier 
times, bear (Euarctos americanus) would | 
attack and kill pigs in the woods. This is | 
possibly true today. Younger pigs were | 
usually taken, as a large boar could put up 
a strong defense. One boar, according to 
Harper, is known to have succeeded in} fi. 
killing a bear. 
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Hamilton (1941) reports the killing of a swine in a given area would have the same 
sw and a pig by a Florida panther (Felis diseases, this is untenable for several rea- 
concolor caryi). Alligators (Alligator mis- sons. The genetic background of the feral 
sissippiensis ) may take an occasional pig, hog differs in part from its domestic cousin, 

I and the bobcat (Lynx rufus floridanus) has and its nutrition and habits differ even more 
-* jong been an important predator of young markedly. The risk of exposure to infection 

} pigs. In 1847, an owner of a plantation on and the susceptibility to infection cannot be 
the Savannah River claimed that he lost considered to be the same for both animals. 
5,000 young pigs to wildcats in 3 years time Among the feral pigs that we have studied 
(Cordle, 1952). In earlier days, the bobcat in Liberty and MacIntosh counties, the dif- 
may have kept the feral swine population at ference is evident. Spindler (1934) has re- 
DS a lower level than that of today. On the ported that about three-quarters of the do- 
other hand, Davis (1955), who studied the mestic hogs in Georgia have Ascaris lum- 
food habits of bobcats in an area of Ala-  bricoides. This parasite was found in only 
hama in which feral swine are found, did one of 22 feral swine that we examined in 
not report any evidence of bobcats eating Liberty County, Georgia, in 1955 and 1956 
swine. Strode (in litt., 1958) feels that the and only four of ten feral hogs examined on 
bobcat preys on swine in Florida, but adds Champney Island in August 1956 had 
that both swine and bobcats are often ascarids in their intestinal tracts. The most 
numerous in the same areas. important factor determining the degree of 
ascarid infestation in swine appears to be 
the contamination of pastures with ascarid 
The diseases of American feral swine ap- ova. Where swine have free range and 
pear to have received little attention. While where populations are not high, the oppor- 
one might assume that feral and domestic tunities for accidental ingestion of embryo- 
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nated ascarid ova by these animals are 
greatly reduced. 

The opposite situation exists where an 
intermediate host for the parasite is in- 
volved. Feral swine feed extensively on 
earthworms, which are intermediate hosts 
for the swine lungworm. All of the adult 
feral swine, and most of the feral pigs 
weighing 30 pounds or more that we have 
examined, have been found to be infested 
with lungworms, probably Metastrongylus 
apri. Severe infestations resulted in chronic 
bronchitis. The kidney worm (Stephanurua 
dentatus) was invariably present in the 
perineal tissues and sometimes in other 
organs as well. Scars of its migration 
through the liver were common. 

Acanthocephala, probably Macracantho- 
rhynchus hirudinaceus, were found fre- 
quently in the intestines, as were small 
nematodes tentatively identified as Tri- 
churis sp. Examination of masseter and 
diaphragm muscles from six mature animals 
did not reveal the presence of trichina ( Tri- 
chinella spiralis), but Sarcosporidia were 
present in the muscles of every animal 
examined. 

During the winter of 1957-58, feral pigs 
on Butler's Island were heavily infested with 
the common sucking louse (Haematopinus 
suis). It was difficult to put a thumb down 
anywhere on the skin of a pig without touch- 
ing at least one of these parasites. Other 
ectoparasites were not present. In the month 
of July in the same area, louse infestations 
of the swine appeared to be less severe, and 
several kinds of ticks were found on the 
animals: Dermacentor variabilis, Amblyom- 
ma maculatum, and A. americanum. Screw- 
worm (Callitroga americana) wound infes- 
tations were common. In a discussion of 
the screw-worm problem in the deer herds 
of the Ocala National Forest in Florida, 
Strode (1954) places control of the feral 
hogs as the first step in control of screw 
worms. To quote, “Until about 1952, wild 
hogs were seen in droves up to 50. The 
heaviest fly concentrations were found 
around hogs. Their continued fighting, cut- 
ting and other activities make them ideal 
for screw-worm infestation. No effort was 





made to eliminate wild hogs, but their 
numbers have been reduced to the Point 
where they do not constitute a Serious 
screw-worm threat.” 

A number of biting diptera, suspected of 
acting as vectors for diseases of swine anq 
other livestock, have been observed feeding 
on feral swine by the authors. In Louisian, 
tabanids have been incriminated in the 
transmission of anthrax (Stein, 1954). We 
have not been able to find reports of anthra, 
infecting feral swine in the vicinity of But. 
ler's Island. Mosquitoes are believed to be 
the important vectors of eastern equine ep. 
cephalomyelitis (Schaeffer, et al., 1958), 
We have found antibodies to this virus jp 
blood samples from 25 per cent (18 of 71) 
of the feral swine tested. Whether or not 
these animals experience encephalitis is yp. 
known. Available information indicates that 
biting diptera probably transmit the vin 
of vesicular stomatitis. Seventy-nine per 
cent (45 of 58) of the feral swine tested 
were found to carry antibodies to vesicular 
stomatitis virus (Hanson and Karstad, 
1956). Four small pigs trapped on Champ- 
ney Island in June 1957 had lesions typical 
of vesicular stomatitis. When blood-tested 
two weeks later, they were found to have 
high titers of vesicular stomatitis virus nev- 
tralizing antibodies. A sow captured in the 
same area in April 1958 had a hoof deform. 
ity such as one sees in animals having re- 
covered from severe vesiculation of the co- 
ronary band with sloughing of the hoof. 

Brief mention may be made of several 
other diseases of swine that we have reason 
to suspect may occur in feral herds. Pseudo- 
rabies causes deaths among young domestic 
swine in southeastern Georgia (F. C. Ran- 
dall, in litt., 1956). In Long County in July 
1956, we observed a fatal case of pseudo- 
rabies in a dog that had been wounded bya 
feral boar six days previously. Hog cholera, 
frequently seen among domestic hogs in 
southern Georgia, readily produces fatal in- 
fections in feral swine. It does not appear 
to persist among them. A disease resemb- 
ling swine pox has been observed in feral 


swine (A. P. Cannon, in litt., 1957). While | 


feral swine in southern Georgia are usually 
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found to be infested with lungworms be- 
lieved to carry latent swine influenza virus 
(Shope, 1941 ), we have found no evidence 
of antibodies to this virus in the sera of 28 
feral swine from Butler's Island collected in 
February 1958, nor in the sera of 30 feral 
gwine from Liberty County, Georgia, which 
were collected in 1956. Randall (in litt., 
1958) reports that influenza was diagnosed 
in domestic swine in Tattnall and Bulloch 
counties, Georgia, during the winter of 
1957-58. 

A number of bacterial infections un- 
doubtedly occur in feral swine. Two of 30 
feral pigs from Fort Stewart possessed low 
but significant agglutinin titers for brucel- 
losis when tested in January 1956. Lesions 
of tuberculosis have not been observed in 
any of the 30 to 40 animals examined in 
1956, 1957, and 1958. Whether or not lepto- 
spirosis occurs is unknown. 

We have not determined what role mal- 
nutrition may play in the precipitous pop- 
ulation declines that periodically occur in 
swine herds on the islands in the Altamaha 
River Delta. A. P. Cannon (in litt., 1958) 
has observed that these die-offs immedi- 
ately follow population peaks, and he feels 
that at such times the numbers of swine 
have increased above the carrying capacity 
of the land. The actual numbers of swine 
have not been counted. Cannon’s views are 
based on the relative frequency of sighting 
animals, their marks on dikes and marshes, 
and sounds of increased fighting. 

Cannon (ibid.) observed large popula- 
tions of feral swine on Rhetts’ Island in 1955 
and on Cambers Island in 1952 and 1957. 
Die-offs coincided with these population 
peaks. The dying animals were thin and 
weak, and they were sometimes lame and 
covered with multiple skin lesions. The sig- 
nificance of the lesions is unknown. At these 
times, the large numbers of hogs destroyed 
almost all of the vegetation in portions of 
the marshes. 

The most recent die-off on Cambers 
Island occurred early in 1958. It coincided 
with the most severe weather experienced 
in the area for many years. Cannon ( ibid.) 
reports that many of the plants on which 


hogs feed were damaged by frost; also, that 
heavy rains and extremely high spring tides 
resulted in water covering most of the is- 
land for as many as ten days at a time. When 
he visited the area in March, he saw hogs 
standing “shoulder deep” in water while 
they grazed on pickerelweed, the tops of 
which were exposed above water. He found 
54 dead swine along the old dike system of 
an abandoned rice plantation on the island. 
Those deaths, he feels, were probably due 
to malnutrition (inability to get to the food 
supply due to extremely high water) and 
adverse weather conditions. 


ECONOMIC SIGNIFICANCE 


Stegman (op. cit.) reports that the wild 
boar of the Tennessee mountains invades 
barnyards, inflicts wounds on domestic 
boars, and breeds with domestic sows. The 
feral boars behave in the same manner in 
southeastern Georgia and undoubtedly do 
some damage to fences and garden crops as 
well. The agricultural depredations of feral 
swine are greatest on the small farms that 
lie within the pine flatwoods. Farmers in 
the more densely settled farmland areas 
have controlled the errant swine by killing 
or trapping them when their damage has 
been serious. 

The significance of feral swine in relation 
to wildlife is a more complicated problem. 
Stegman (ibid.) concludes that the Euro- 
pean boar does not pose a serious problem 
for other wild game animals in Tennessee. 
While pigs destroy the eggs and young of 
a few ground-nesting birds, he feels that 
the loss is insignificant; and while pigs sub- 
sist on essentially the same foods as raccoon 
(Procyon lotor) and turkeys (Meleagris 
gallopavo ), he feels that the food-grubbing 
habits of the pig make more of these foods 
available. Like the European boar in the 
mountains, the feral pig on the Coastal Plain 
competes for food with deer (Odocoileus 
virginianus ), raccoon, and turkeys. Whether 
or not this is serious depends upon the par- 
ticular locality. On some of the islands on 
the Georgia coast, deer, raccoon, and pigs 
are said “to race for each acorn as it falls.” 
Swine in these areas appear at times to be 
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close to starvation and die-offs of swine 
do occur (Cannon, in litt., 1958). Whether 
or not these deaths are the result of an in- 
adequate food supply is unknown. 

Strode (in litt., 1958) feels that feral 
swine are often quite destructive to wildlife 
food plantings. C. E. Myers (in litt., 1958) 
states that on the Fort Stewart Army Reser- 
vation feral swine do destroy some turkey- 
and deer-food plantings. Here, however, 
because of their value as game animals, 
officials do not consider this damage suffi- 
cient to warrant their removal. He states that 
a large number of the Army personnel pre- 
fer hunting “wild” hogs to hunting turkeys 
and deer. Many conservationists consider 
the feral pig to be an undesirable animal on 
the coastal marshes. W. H. Turcott (in litt., 
1958) reports that feral swine are serious 
predators on muskrats (Ondatra zibethicus) 
in the Mississippi coastal marshes. The hogs 
break into muskrat houses and eat the 
young. In addition to this, they compete 
with muskrats for food plants. On Butler’s 
and Champney islands, Georgia, dikes are 
used to increase the attractiveness of the 
coastal marshland to migratory waterfowl, 
and uncontrolled activity of feral swine 
leads to the destruction of these dikes. The 
problem is increased by flooding operations 
that restrict the natural range of the swine. 
In these areas, trapping and hunting are 
necessary if the dikes are to be kept in 
repair. 

Foresters view the feral pigs with consid- 
erable distaste. Wahlenberg (1946), in his 
monograph on the longleaf pine states: “The 
damage inflicted upon longleaf pine regen- 
eration by razorbacks, or piney-woods range 
hogs, is much greater than that caused by 
larger grazing animals. . . . Hogs have been 
observed to kill 8,320 two-year-old longleaf 
pine seedlings per acre at rates estimated 
from 200 to 400 per day. This rate was 
doubled or tripled over short periods when 
the stand was readily accessible and rooting 
easy. A single marauder might obliterate 
an acre of planted pines in one day. Con- 
sumption of seeds by hogs is usually far less 
serious than injury to seedlings. However, 
hogs sometimes devour longleaf pine seeds 


almost as soon as they fall leaving Only 
few to germinate.” 

Of much interest is the possible economi, 
significance of the feral pig as a reservoir of 
diseases that can be transmitted to may 
livestock, and wildlife. About this subjec 
we know very little, other than that the fey] 
pig is susceptible to many of the disease, 
affecting these other animal species. Ag , 
feral animal, it is a much greater potentiy| 
hazard as a reservoir of livestock diseases 
than are species of wild animals. 


CoNTROL 


Three procedures have been followed by 
authorities who have had large population; 
of feral swine within their domains. The 
first is to eradicate the animals by any 
method available. The second is to make 
no real attempt to contro! numbers or dis. 
tribution. The third is to regulate herds 
by one of several methods. 

Eradication has been followed as an of. 
ficial policy in areas in Australia and New 
Zealand. Animals have been removed by 
trapping, hunting (the trappers and hunters 
stimulated by bounties), and by poisoning 
(Pullar, op. cit.). Feral swine have been 
eliminated from some counties in the United 
States by individuals who have hunted and 
trapped the animals and have destroyed the 
cover necessary for their survival. 

The second policy has until recently been 
the one followed by wildlife officials in the 
United States. It may be argued that con- 
trol cannot be established until something 
is known about the feral pig. Admittedly, 
we know little. The biology of the feral pig 
has not been studied. There has been no re- 
search on competition between feral swine 
and game species, and there has been no 
study of feral swine populations. Neverthe- 
less, continued abstinence from attempts to 
control animal populations can be danger- 
ous. In earlier times, an adequate number 
of predators, particularly bobcats, probably 
played an important role in restricting the 
number of feral hogs. Large predators, such 
as the panther and black bear, have been 
eliminated or greatly reduced today, and 
the bobcat may be less common. Without 
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enough predators, the size of the feral swine 
herd is probably limited by disease and star- 
yation—two inherently undesirable meth- 
ods. Conditions that lead to starvation of 
hogs also result in destruction of both plant 
and animal habitat in large areas of the 
marshland. This may be disastrous to other 
species of wild animals. 

The third policy, planned control of pop- 
ylation, avoids the dangers of disease and 
habitat destruction that are inherent when 
control is not exercised. Eradication, as 
practiced in New Zealand, would be costly 
and does not now appear to be necessary 
under conditions in America. How control 
could be exercised can only be determined 
by research. Georgia and Florida are ex- 
perimenting with the establishment of feral 
pigs as game animals. Man could replace 
the bobcat as a predator. Other states have 
hesitated because of the opposition of local 
sroups that prefer to keep the feral hog 
readily available to residents. 

In conclusion, the feral pig, on the basis 
of numbers and range, is an animal of con- 
siderable significance to agriculture and to 
wildlife conservation. While the damage of 
feral swine to wildlife may have been over- 
rated, populations of feral swine must ob- 
viously be controlled in forest and water- 
fowl management areas and in certain other 
regions where competition among wildlife 
for food is at a maximum. If the feral pig is 
to be considered a game animal, positive 
management procedures must be devel- 
oped. Before this can be done, two things 
are needed: (1) further information on the 
biology of feral swine, and (2) investigation 
of the possibility that feral swine constitute 
a serious hazard as a reservoir of disease. 
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SUMMARY 


Feral swine range over about 145,000 
square miles of the Coastal Plain region of 
the southeastern United States. Their num- 
bers probably approximate one and one-half 
million animals. Believed to have been in- 
troduced into Florida as early as 1539, they 
have survived and multiplied in competi- 
tion with wildlife and livestock. 

The importance of feral swine to livestock 
owners is due to their adverse effect on im- 
proved blood lines by interbreeding with 
domestic swine and their potential as hosts 
for the perpetuation of livestock diseases. 
In the eyes of individuals engaged in wild- 
life management and forestry, feral swine 
are usually considered to be a nuisance by 
virtue of their destructive effects on game 
habitat, their destruction of young trees and 
wildlife food plantings, and their direct 
competition for food with native fauna. 
Their value as game animals is minimized 
by their close relationship to domestic 
swine, and the fact that, in some areas, 
domestic swine are allowed to run at large. 

Their diet in nature is chiefly vegetable, 
supplemented by small amounts of a wide 
variety of animal life. Their conformation 
is, generally, that of an unimproved do- 
mestic hog of mixed breeding. In a few 
areas, where their range coincides with that 
of the introduced true European wild boar, 
interbreeding has occurred and its effects 
are apparent. 

While relatively little is known about the 
diseases of feral swine, they have been found 
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to be hosts to several helminth, arthropod, 
viral, and bacterial parasites. Their close 
association with native wildlife and their 
relationship with domestic stock makes 
them at least potentially important as reser- 
voirs for diseases of other animal species. 
Occasional die-offs among swine on certain 
coastal islands may be due partly to over- 
population with the resultant nutritional 
deficiences and partly to disease of an infec- 
tious nature. It is felt that the extensive 
range of these animals and their great num- 
bers in many areas make them worthy of 
more consideration than they have been 
given. This, plus the fact that they portend 
to be permanent residents throughout much 
of their present range, indicates a need for 
studies on their bionomics. 
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ERRATUM 


In volume 22, page 96, the “Field Key to Guard Hair of Middle Western Furbearers” should read: 


39. Tip white 


Tip not white or black 


aitans: ae 
54 
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FERTILITY IN THE NORTHERN FUR SEAL, 1956-57 


Carl E. Abegglen and Alton Y. Roppel 


Bureau of Commercial Fisheries, Fish and Wildlife Service, Seattle 15, Washington 


It is intended in this paper to summarize 
the information on pregnancy rates obtained 
from one pelagic and five land fur-seal 
(Callorhinus ursinus ) collections as a 
guide for management and for the research 
needed to bring this information nearer to 
completion. 

Recent changes in management policy for 
this species include harvesting female as 
well as male seals and reducing the total 
number of adult females. This policy is 
aimed at bringing the Pribilof fur-seal popu- 
lation to the point of maximum sustained 
productivity. 

One of the beneficial results that presum- 
ably will come from a reduced population 
size is greater reproductive success. Clearly, 
it is essential to know whether or not any 
improvement is being realized from the 
management changes. 

An accurate determination of the repro- 
ductive rate of a wild mammal is extremely 
difficult to make. It is seemingly less diffi- 
cult in the case of the northern fur seal than 
for most mammals, because a large part of 
the seal population assembles on two small 
islands. Close observation of fur seals, how- 
ever, brings into focus the many variables 
that complicate the task of obtaining a truly 
representative sample of breeding-age fe- 
males. Some females land on rookery areas 
and form harems for the specific purpose of 
breeding and bearing young. Others con- 
gregate on areas adjacent to the rookeries. 
Termed hauling grounds, these areas yield 
the bulk of the commercial harvest. Al- 
though females with pups seldom are found 

on the hauling grounds, recently delivered 
rookery females that apparently have lost 
their pups become increasingly available 
on these areas as the kill season progresses. 
At present, it is impossible to say whether 
this mixing is sufficient to provide a repre- 
sentative sample from a kill of hauling- 
ground females alone. Some females land in 
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June with others following, generally in 
descending order of age, until November. 
Possibly some remain at sea for an entire 
year or longer. 

Reproductive behavior of the fur seal has 
been ably described by Bartholomew and 
Hoel (1953). McGilvrey (1957) made some 
additional observations on activities of so- 


called idle bulls. 
METHODS 


Sampling and examination methods have 
varied according to conditions during the 
years from 1952 to 1957 when the informa- 
tion for this paper was collected. Samples 
taken on land before 1956 consisted of (1) 
almost all of the small number of females 
taken in the commercial kill or (2) of ani- 
mals taken by biologists specifically for re- 
production studies. Before 1954, females 
were not intentionally included in the com- 
mercial harvest. From 200 to 300 per year 
were taken accidentally. In 1954 and 1955, 
females rounded up in sealing drives were 
killed, but since they were not purposely 
included in the drives, only 500 to 600 were 
taken annually. Large numbers of females 
first became available in 1956, when they 
formed a substantial part of the seal harvest. 

Prior to 1956, the genital tract, including 
the ovaries, uterus, cervix, and attached 
bladder, was removed along with the snout 
containing the canine teeth and brought to a 
laboratory for examination. Information that 
could be obtained from examination of the 
uterus was recorded and later verified by 
cross-sectioning the ovaries, which had been 
hardened in Formalin solution. The greatly 
increased number of examinations made in 
1956 and 1957 made it necessary to com- 
plete the operation in the field. Frequently, 
the external appearance of the uterine horns 
alone indicated whether a female had given 
birth to none, one, two (or more) pups, or 
whether she had previously reproduced but 
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TABLE 1.—REPRODUCTIVE CONDITION OF SEALS IN SAMPLES, PriBILOF IsLANDs, 1956-57 

















Reproductive 1956 1957 1956-57 
Condition Number _ Per Cent Number Per Cent Number Per Cent 
Nulliparous 1,597 35 2,061 24 3,658 98 
Primiparous and pregnant' 659 14 1,270 15 1,929 14 
Primiparous and nonpregnant 50 1 132 1 182 l 
Multiparous and pregnant 1,491 32 3,503 Al 4,994 38 
Multiparous and nonpregnant 844 18 1,648 19 2,492 19 
Totals 4,641 100 8,614 100 13,255 100 





1 “Pregnant” in this paper means that a female gave birth to, or was carrying, a pup during the year she was examined 


A “nonpregnant” female failed to implant the previous year. 


since had failed, at least in the year she was 
examined. If the external appearance of the 
horns was not diagnostic, the ovaries were 
cross-sectioned and examined for corpora 
lutea or corpora albacantia and the uterine 
horns split to expose the placental scar. 
Whenever the females became sufficiently 
abundant to make sampling necessary, a 
random sample of any desired size was re- 
moved from the rows of 10 animals in which 
the seals are placed during the killing 
operation. 

The pelagic collection was made at a 
season (winter) when females were carry- 
ing a fetus. As a result, determination of 
reproductive condition was simplified. 

In all collections, both land and pelagic, 
the age of seals was found by counting the 
growth ridges on the right upper canine 
tooth (Scheffer, 1950) or from tags placed 


on the animals in previous years. 


RESULTS OF StTupDIEs IN 1956 AND 1957 


The reproductive condition, or history of 
pregnancy, in the 13,255 females examined, 
is indicated in Tables 1 to 4. The improved 
pregnancy rate in 1957 is attributed to the 
source of females rather than a higher re. 
productive success (Table 2). For example, 
rookery females were generally avoided dur. 
ing the drives in 1956, whereas in 1957 they 
were taken along with those from hauling 
grounds. Pregnancy rates of rookery fe. 
males are much higher than those of haul- 
ing-ground females. These differences are 
discussed in more detail later. 

In the data presented in Tables | to 4, the 
salient features are: first, that breeding 
does not occur in females before the end 
(or nearly the end) of the third year of life; 
second, that the pregnancy rate is very low 
(about 11 per cent) in the 4-year-olds, in- 


TABLE 2.—PERCENTAGE OF PREGNANT SEALS, BY AGE, PriBiLor IsLANps, 1956-57! 




















1956 1957 1956-57 

( Fol No. in Number Per Cent No. in Number Per Cent Number Per Cent 
Sample Pregnant Pregnant Sample Pregnant Pregnant Pregnant Pregnant 

2 33 0 0 2 0 0 0 0 

3 292 1 <l 166 1 <i 2 <i 

4 938 100 11 883 96 11 196 11 

5 803 458 57 1,964 978 50 1,436 52 

6 589 449 76 1,304 955 73 1,404 74 

7 391 303 78 876 681 78 984 78 

8 313 209 67 yh ¥- 516 72 725 71 

9 190 127 67 594 417 70 544 69 

10 121 71 59 333 224 67 295 65 

10+ 971 430 » 44 1,780 905 51 1,335 48 

Totals 4,641 2,148 8,614 4,773 6,921 
Means 46 55 52 





1 For restricted use of “‘pregnant,”’ see footnote to Table 1. 
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TABLE 3.—PERCENTAGE OF SEALS WuicH Hap Propucep Younc at LEAsT ONCE, PrispiLor IsLANDs, 


1956-57 








1956 


1957 





Age Produced Young 





Produced Young 











( Years ) Number at Least Once Number at Least Once 

Semmie Number Per Cent Senate Number Per Cent 
see 

4 and older 4,316 3,043 70 8,446 6,552 78 

5 and older 3,378 2,939 87 7,563 6,441 85 

6 and older 2515 2,465 96 5,599 5,407 96 

7 and older 1,986 1,950 98 4,295 4,254 99 

8 and older 1,595 1,581 99 3,419 3,400 99 
9 and older 1,282 1,279 99-4 2,707 2,700 99-4 
10 and older 1,092 1,090 99+ 2,113 2,109 99+ 





——— 


creases to a peak (about 78 per cent) in 
j-year-olds, and declines (to about 48 per 
cent) in animals over 10 years of age. 

Until the 1940's, investigators thought 
that the female fur seal first breeds when 2 
years old. However, accurate age-deter- 
mination methods did not exist during this 
era. As shown in Table 4, it is now known 
that few, if any, females breed prior to 
age 3. It is possible that the few listed are 
the result of misjudgment of reproductive 
condition by the investigators rather than 
actual breeding at these ages. 

Judging by the percentage of pregnancy 
among 4- and 5-year-olds (Table 2), a large 
proportion of fur seals do not produce 
young until age 5. This is further observed 
in an age analysis of 1,007 females sampled 
from kills known to have been taken from 
rookeries. Less than 2 per cent of this num- 
ber were 4-year-olds but over 17 per cent 
were age 5. From this observation, and the 
fact that most of the younger animals do not 
arrive on the islands until after harem break- 
up, it may be said that most females breed 
for the first time at age 4 and then enter the 


rookeries a year later at age 5 to bear their 
first young. They presumably return to 
harems each year until they no longer are 
capable of breeding. It is not yet known 
at what ages this occurs because of the dif- 
ficulty of determining ages of seals more 
than 10 years old. 


CoMPARISON OF RECENT DATA WITH 
EARLIER FINDINGS 


Table 5 lists the pregnancy rates of seals 
in a pelagic sample taken off the coast of 
North America in 1952 (Taylor, Fujinaga, 
and Wilke, 1955) and five land samples 
from the Pribilof Islands, 1953-57. Preg- 
nancy rates obtained from samples of seals 
taken pelagically apply to the total herd 
only if the sample includes all age classes 
of females to an adequate extent. In fact, 
knowledge of seal distribution at sea, by 
age and sex, is as yet incomplete. On land 
there are two distinct groups of females, 
hauling ground and rookery. Wilke (1953) 
found that a high pregnancy rate, 94 per 
cent or higher, exists among rookery fe- 
males. In support, 99 per cent of 950 females 


TABLE 4.—REPRODUCTIVE CONDITION OF SEALS BY AGE, PripiLor IsLANDs, 1956-57 








Age in Years 





Reproductive 





Condition 2 3 5 6 7 8 9 10 10+ 
Per Cent 
Nulliparous 100 99 88 45 12 4 2 <1 <l <l 
Primiparous and pregnant 0 ] 10 39 25 9 5 <i 1 <A 
Primiparous and nonpregnant 0 0 g 4 2 1 <l 0 ee 
Multiparous and pregnant 0 0 13 49 68 66 68 64 48 
Multiparous and nonpregnant 0 0 < 1 10 ba 26 30 35 51 
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TABLE 5.—NUMBER AND PERCENTAGE OF SEALS IN ONE PELAGIC AND FIvE LAND SAMPLEs 
» BY AcE 








California to Alaska, 1952 


Pribilof Islands, 1953-57 











Age 
said Rag owen ioumene Seaman pay aoe emote Pot 

4 80 1 1 2,047 253 12 
5 28 12 43 3,279 1,800 55 
6 49 40 82 2,208 1,686 76 
7 39 28 2 1,439 1,130 78 
8 55 42 v1 1,108 792 71 
9 35 31 89 858 609 71 
10 31 23 74 506 339 67 
10+ 187 140 75 3,008 1,528 51 

Totals 504 317 14,453 8,137 
Means 63 56 





known to have been taken from rookeries 
in 1956 and 1957 were pregnant. Only 68 
per cent of 1,414 hauling-ground females 
carried pups. The females in both groups 
were 6 years old and older. 

Because of the inherent nature of harem 
bulls to resent any and all invasions of their 
territories, including those made by man in 
his attempts to drive females from the 
rookeries, the bulk of the female harvest is 
necessarily comprised of hauling-ground 





rived from land sealing are lower than those 
from females taken pelagically where more 
complete mixing occurs. 

Wilke (ibid.) examined 164 hauling. 
ground females, of which 159 were 4 years 
and older. Of these, 67 per cent were 
pregnant. On the same basis, Kenyon (1954) 
arrived at a pregnancy rate of 67 per cent 
for 453 females. Wilke (1955) calculated 
a pregnancy rate of 61 per cent for 547 
hauling-ground females, age 4 and older. 












females. Therefore, pregnancy rates de- Of 12,762 females (age 4 and older) ex. 
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e—e EXPECTED-LIFE TABLE 
¥*-K PELAGIC - 1952 
0-0 LAND-I956 
80r @@ LAND-I957 
F 60b 
R 
Cc 
E 
N 
T40- 
20+ 
.@) L n 1 1 1 ! 
4 5 6 7 8 9 10 10+ 
AGE - YEARS 
Fic. 1. Percentage of seals pregnant, by age classes. 
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amined in 1956 and 1957 (Abegglen, Rop- 
pel, and Wilke, 1956 and 1957), an un- 
known proportion were from rookeries. 
However, only 54 per cent of this total were 
pregnant. 

The pregnancy rates and age composi- 
tion of females in the 1952 North American 
pelagic sample (Taylor, et al., op. cit.), the 
1956 and 1957 Pribilof land samples, and a 
life table for this species (Kenyon, Scheffer, 
and Chapman, 1954) are compared in 
Figures 1 and 2, respectively. 


REPRODUCTION IN SOME OTHER -_MAMMALS 


Most mammalian reproduction studies re- 
ported in the literature have been made 
since 1950. The majority are of a general 
nature. However, the results of several in- 
vestigations may be pertinent. 

Davis (1950) found that artificial reduc- 
tion in a population of brown rats was coun- 
tered by an increased pregnancy rate. A 
study of the Missouri raccoon (Sanderson, 


35 
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Fic. 2. Age distribution of seals taken pelagically and on the hauling grounds, compared to expected 


percentages calculated in a life table by Kenyon, Scheffer, and Chapman (1954). 


1951) revealed a rise in pregnancy rate that 
was associated with an increase in size of 
harvest. 

In a study of mule deer ( Robinette, Gash- 
wiler, Jones, and Crane, 1955), a range in 
pregnancy rates of from 99 per cent in 2- 
year-olds down to 89 per cent in “old” fe- 
males was calculated. Murie (1951) ex- 
amined 156 cow elk of breeding age during 
a herd-reduction program in Yellowstone 
National Park in January 1943. Ninety per 
cent were pregnant. However, “. . . in the 
examinations of hundreds of elk that died 
in late winter, it was found that about 50 
per cent of the adult cows were without 
calf and that one winter the figure was even 
higher.” 

Cheatum and Severinghaus (1950) dis- 
cuss fertility of white-tailed deer in relation 
to the quality of deer range from which they 
came. “The fertility levels of deer were ob- 
served to correspond generally with the 
quality of their range. Intensive harvests, 
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singly or combined with range improve- 
ments, are believed to have resulted in better 
forage conditions and were followed by in- 
creases in fertility.” An inadequate food 
supply, while perhaps not true of the winter- 
ing grounds of fur seals, may exist in waters 
adjacent to the Pribilof Islands. The present 
concentration of fur seals during the breed- 
ing season may be such that nursing females 
are obliged to increase their feeding range. 
Their chances for return may thus be dim- 
inished, or at least delayed, resulting in 
slower growth or loss of weakened young 
from various causes. Because of delayed 
implantation, food shortages in the Pribilof 
Islands area would not affect early fetal 
growth. 
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SUMMARY 


In 1956 and 1957, 13,255 pregnancy exam- 
inations were made on fur seals in the com- 
mercial kill on the Pribilof Islands of 
Alaska. The females ranged in age from 2 
through 10 and older. Of these, 6,921 (52 
per cent) had delivered young or were ap- 
proaching full term at the time they were 
examined. The remainder were nonpreg- 
nant. The data also indicated that: breed- 
ing does not occur in females before age 3; 
the pregnancy rate is very low (11 per cent) 
in the 4-year-olds; a large proportion of the 
4-year-old females breed outside of or fol- 
- lowing degeneration of the organized harem 
structure, then enter the harems a year later 
at age 5 to bear their first young; a preg- 
nancy peak of 78 per cent is reached in the 
7-year-olds; pregnancy declines (to 48 per 
cent) in animals grouped as over 10 years 
of age. 





The bulk of the commercial harvest is 
necessarily taken from hauling grounds 
rather than from rookeries where organized 
harems exist. Females from the two types 
of area exhibit contrasting pregnancy rates. 
Of 1,414 females known to have been taken 
solely from hauling grounds, only 68 per 
cent were pregnani, while 99 per cent of 
950 rookery females carried young. The fe. 
males in both groups were 6 years old and 
older. Through the season, recently de. 
livered rookery females that apparently 
have lost their pups become increasingly 
available on the hauling grounds. 

A pregnancy rate of 63 per cent occurred 
in a group of 504 females (age 4 and older) 
taken pelagically off the coast of North 
America in 1952. Of the 13,255 females ex. 
amined on the Pribilof Islands, 12,762 were 
age 4 and older. Fifty-four per cent (6,919) 
of these were pregnant. Pregnancy rates 
obtained from samples of seals taken pelagi- 
cally are not affected by segregation into 
rookery and hauling-ground specimens. 
However, knowledge of seal distribution at 
sea, by age and sex, is as yet incomplete and 
a pelagic sample can be truly representative 
only if all age classes are adequately 


included. 
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AVAILABLE NUTRIENTS IN SELECTED DEER-BROWSE SPECIES 
GROWING ON DIFFERENT SOILS’ 


Louis R. Hundley’ 


Virginia Cooperative Wildlife Research Unit,* Blacksburg, Virginia 


Field observations of the author and other 
workers in Virginia have shown differ- 
ences in preference for the same browse 
species by white-tailed deer (Odocoileus 
virginianus ) in different parts of the state. 
This variation in preference and the impli- 
cations that it suggests are of importance to 
those connected with the management of 
deer. For this reason, the reconnaissance in- 
vestigation reported here was started during 


‘This paper, a portion of a dissertation presented 
to the Graduate School of Virginia Polytechnic 
Institute in partial fulfillment of requirements for 
the degree of Doctor of Philosophy, reports on one 
phase of the Virginia Agricultural Experiment Sta- 
tion’s long-range project entitled “Ecology and Eco- 
nomics of Native Plants in Virginia.” The author 
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Lindzey, H. S. Mosby, A. B. Massey, and R. W. 
Engel in the preparation of the dissertation and in 
supervising the project, and the critical review of 
the manuscript by Dr. Lindzey. 

*Now at Virginia Military Institute, Lexington, 
Virginia. 

*The Virginia Polytechnic Institute, Virginia 
Commission of Game and Inland Fisheries, Wild- 
life Management Institute, and United States De- 
partment of the Interior, Fish and Wildlife Service, 
co-operating. 


September 1954, and continued through Oc- 
tober 1955, with the following objectives: 
(1) to determine the differences, if any, in 
available nutrients in the twigs of five deer- 
browse species growing on different soils, 
(2) to investigate the variations in available 
soil nutrients as they may relate to the chem- 
ical composition of these twigs, and (3) to 
determine the variations in the nutrients 
of these twigs during different seasons of 
the year. 

The importance of individual nutrients, 
such as protein, has been demonstrated in 
growth studies by French, et al. (1955). 
Einarsen (1946), in his work with the black- 
tailed deer (O. hemionus) in northwestern 
and central coastal Oregon, concluded (p. 
312) that “. . . protein analysis has been 
found to be a valuable aid as a wildlife tech- 
nique on this western range since it deter- 
mines specifically the food values or lack 
thereof on occupied habitat.” 

Very little information is available on di- 
gestibility trials and digestion coefficients 
for the browse species used in this inves- 
tigation. Forbes, et al. (1941), using deer 
and rabbits as experimental animals, deter- 
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TABLE 1.—MEAN ANALYTICAL RESULTS OF SOIL ANALYSES BY FLAME SPECTROPHOTOMETER 








Exchangeable Cations? 








. aes Phos- Organic 
eee pH  phorous Matter. “Ga Mg K Mn H Toth? Setunatig 
(p.p.m.) (per cent) (p.p.m.) (per cent) 
Brallier 4.72 3.99 2.09 0.42 0.18 0.14 2.15 10.03 10.77 6.87 
Clinton 4.87 5.83 2.49 0.42 0.18 0.10 5.76 7:50 8.20 8.54 
Chert 4.48 5.37 1.69 0.07 0.10 0.08 4.19 7.37 7.61 3.29 
Shale 6.91 6.75 0.79 6.50 2.84 0.12 1.00 3.08 12.54 175.44 





1 Expressed as milliequivalents per 100 gms. of soil 


2 Summation of exchangeable cations; i.e., Ca plus Mg plus K plus H. 
* (Ca plus Mg plus K) divided by total exchangeable cations; x 100. 


mined the coefficients of digestion on three 
naturally occurring deer foods and several 
domesticated animals’ rations. The massive 
compilations of coefficients of digestion of 
woody species by Russell (1947) and 
Schneider (1947) would certainly be help- 
ful in selecting study species in the future. 
Perhaps such information can be obtained 
in a manner suggested by Chariet-Lery, 
Francois, and Leroy (1952), who show that 
coefficients of digestion may possibly be 
determined by analysis and calculation 
without experimental feeding. 


METHODS AND PROCEDURES 


Selection of study areas and browse 
species —The following criteria were used 
to select study areas: (1) the areas had to 
be of different soil origin; (2) the same 
browse species had to be present on all the 
areas in sufficient quantity to permit clip- 
ping of current-year’s growth throughout a 
13-month period; (3) the areas had to af- 
ford year-round accessibility; and (4) the 
areas had to be relatively close to one an- 
other and to Blacksburg, Virginia, thereby 
making it possible to reach the areas, collect 
the samples, and return to Blacksburg early 
enough to place the samples in dryers. In 
addition, the areas had to be representative 
of typical western Virginia deer range but 
without deer on the areas. If deer browsed 
the individual plants being sampled, the 
data might have been affected. Further- 
more, in order to return to the same plants 
throughout the investigation, it was desir- 
able to minimize the removal of the twigs. 

Initially the study had included four 
species of browse plants on seven study 
areas, but after two sampling periods (i.e., in 


November 1954) it was found that sampling 
error and the interaction. between soil and 
species could not be determined statistically, 
The revised method of collecting, described 
below, would have tripled the analytical 
procedures; because of the limitations of 
time, equipment, and facilities, the project 
concerned itself with only five important 
deer foods: flowering dogwood (Cornus 
florida), black locust (Robinia pseudoaca. 
cia), and red maple (Acer rubrum) grow. 
ing on Brallier, Clinton, Huntersville chert, 
and Martinsburg shale geological forma- 
tions. In addition, rhododendron (Rhodo- 
dendron maximum), which is heavily util- 
ized, where present, by deer during the 
winter, and buffalo nut (Pyrularia pubera), 
a preferred browse plant, were collected 
on the Brallier formation and analyzed, 
These latter analyses were made with the 
hope of determining the reasons for their 
heavy use by deer, especially since rhodo- 
dendron is reported to have toxic qualities 
(Forbes and Bechdel, 1931). 

Description of study areas.—The four 
study areas, each about 1 acre in size, were 
located on soils that were derived from the 
following geological formations: Brallier, 
Clinton, Huntersville chert, and Martins- 
burg shale. The last three areas are on 
Draper Mountain, Pulaski County, Vir- 
ginia; the Brallier formation is along 
Craig Creek in Montgomery County, Vir 
ginia. Soil types for the areas were: Jeffer- 
son sandy loam on Martinsburg shale; 
Muskingum soil on Clinton, Brallier, and 
Huntersville chert formations. 

The elevations of the study areas above 
mean sea level were: Brallier, 2,000 feet; 
Clinton, 2,500 feet; Huntersville chert (here- 
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after referred to as “chert” ), 2,300 feet; and 
\artinsburg shale (hereafter referred to as 
“shale” ), 2,100 feet. 

The three most abundant woody plants 
for each of the areas were (vernacular 
names according to Fernald [1950]): on 
shale, blueberry (Vaccinium spp.), azalea 
(Rhododendron nudiflorum and R. calen- 
julareum), and sassafras (Sassafras albi- 
dum); on Clinton, sassafras, azalea, and 
blueberry; on chert, azalea, red maple, and 
blueberry; on Brallier, mountain laurel 
(Kalmia latifolia), blueberry, and arrow- 
wood (Viburnum spp.). For each area the 
plants are listed in order of abundance. 

Neither deer nor domestic livestock were 
present on any of the study areas. 

Techniques of sampling and collecting. 
—Soil samples were collected in a random 
manner on each area. A minimum of 15 
auger borings per study area comprised a 
sample. 

Clipped twig samples were collected and 
analyzed at 2-month intervals starting De- 
cember 1954 and ending October 1955. Only 
data that are applicable under the revised 
collecting procedure were taken from the 
September and October 1954 collections. 
Only the current growth or annual growth 
of the twigs was cut from the plants selected 
to form the samples. Growth habit of the 
plants varied from shrubby plants to tall 
trees with low-hanging limbs. Each of the 
three samples per species on each area con- 
sisted of 35 grams. Later samples were 


collected from the same individual trees as 
the first samples. Collection was done in 
this manner to minimize the effect of varia- 
tions that might occur between individuals 
of the same species. 

Twigs were cut with pruning shears; 
leaves, but not buds nor fruit, were stripped 
from the twigs. The twigs were then cut 
into 14- to 14-inch lengths to facilitate dry- 
ing and grinding. The leaves were removed 
because they are not available to deer on 
a year-round basis, and it was desired to 
minimize seasonal variations; buds and fruit 
were not removed because they would nor- 
mally constitute a part of the browse during 
dormant months. Also, I wanted to com- 
pare the analyses from the same part of the 
plant throughout the investigation. 

All browse samples, on the same day they 
were collected, were placed in a silage 
dryer operating at 80°C. where they were 
dried for 24 hours to stop enzymatic action 
and mold development or action. The dried 
twigs were then ground in a Wiley mill, 
which efficiently powdered and, to a slight 
extent, mixed the material. Powdered 
samples were further mixed by rolling each 
on paper to insure that any portion of one 
gram or more could be considered represen- 
tative of the entire sample. 

It was not possible to return to the same 
individual buffalo nut plants throughout the 
investigation because the plants originally 
used were reduced in size or removed from 
the original area by brush removal under a 
power line. Furthermore, in October and 


TABLE 2.—MEAN PROXIMATE ANALYSES FOR RHODODENDRON AND BUFFALO NuT 
(Figures are percentages on oven-dry basis ) 

















Species Analysis Sept. Nov. Dec. Feb. April June Aug Oct 
Moisture 58.7 Si. 42.1 So.0 53.4 81.9 66.7 60.0 

Protein al 4.0 3.9 4.8 4.4 oe 3.8 3.6 

RHODODENDRON Ether extract 2.2 3.6 4.1 i | 31 3.8 A 25 
Ash ef 4.6 4.2 FA 4.0 4.8 5.2 4.5 

Crude fiber 28.8 24.5 22.6 19.9 18.9 16.9 24.2 25.4 

N-free extract 62.8 63.2 65.2 68.0 69.5 69.3 63.1 64.1 

Moisture 59.1 59.0 47.2 54.8 62.9 76.5 66.4 55.8 

Protein 8.6 8.7 9.2 13.9 27 125 8.2 7.9 

BUFFALO NUT Ether extract 2.9 3.4 3.6 4.1 3.5 27 1.8 2.4 
Ash Suk 5.5 5.4 3.8 4.5 6.4 5.8 4.4 

Crude fiber 28.4 28.3 25.8 25.8 26.8 24.9 30.3 27.4 

N-free extract 54.4 54.1 56.1 52.0 52.9 53.4 54.0 57.9 
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TABLE 3.—MEAN PROXIMATE ANALYSES FOR DoGwoop 
(Figures are percentages on oven-dry basis ) 




















Formation Analysis Sept. Nov. Dec. Feb April June Aug. Oa 
Moisture 52.4 55.9 45.2 48.6 Sto 70.9 64.8 54.4 
Protein 2.9 4.2 4.8 46 5.1 5.7 863300 4] 
BRALLIER Ether extract 3.1 3.9 4.0 4.0 4.2 < ee 3.2 3.0 
Ash 3.3 5.2 4.3 4.0 4.9 5.6 45 45 
Crudefiber 3.0 276 259 27.5 250 211 277 989 
N-free extract 60.7 59.2 61.4 60.0 60.9 641 614 604 
Moisture 56.7 54.4 41.2 50.0 57.9 70.4 59.5 54.0 
Protein 3.4 4.1 5.5 4.6 Sl 5.9 3.4 40 
CLINTON Ether extract 3.9 4.1 4.0 3.9 3.8 2.9 3.4 3.9 
Ash 4.1 5.0 3.9 4.4 46 5.1 47 48 
Crude fiber 25.1 26.3 25.1 27.9 28.1 24.6 27.1 97.5 
N-free extract 63.5 60.6 61.4 59.2 58.4 61.6 61.4 60.5 
Moisture 55.8 55.8 47.4 50.3 58.0 68.2 57.0 55.7 
Protein 3.0 4.0 5.4 4.7 5.8 4.8 3.7 43 
CHERT Ether extract 3.7 4.7 5.1 4.0 4.2 3.3 3.8 44 
Ash 3.3 4.4 4.6 4.5 5.2 4.9 5.1 5.1 
Crude fiber $7.7 24.9 22.3 27.5 27.1 24.0 22.9 26.7 
N-free extract 62.3 61.5 62.6 59.3 57.6 63.0 64.5 59.4 
Moisture 58.1 52.1 51.0' 50.5 58.5 68.8 59.8 54.7 
Protein 3.5 4.6 4.9 5.0 5.6 5.0 3.6 45 
SHALE Ether extract 3.8 4.1 4.1 4.1 4.0 3.5 | 3.6 
Ash 3.9 5.3 5.5 5.2 5.6 5.3 4.8 48 
Crude fiber 27.6 24.9 24.7 26.3 26.5 23.7 24.2 26.3 
N-free extract 61.2 61.2 60.7 59.4 58.3 63.5 63.7 60.8 





1 Higher moisture content on shale in December due, in part, to ice on samples. 


December 1954, it was necessary to collect 
some of the samples of flowering dogwood 
on the chert study area from trees other 
than those that had been marked for use 
because insufficient annual growth was 
available. 


Methods of analysis——Soil samples were 
analyzed by (1) flame-spectrophotometer 
methods of Peech, et al. (1947) and Rich 
(1952), (2) LaMotte Soil Testing Outfit 
manufactured by the LaMotte Chemical 
Products Company, Baltimore, Maryland, 
and (3) rapid soil-testing procedures as de- 
scribed by Rich (1955). 

Twig samples were analyzed by methods 
approved by the Association of Official 
Agricultural Chemists (1955) for moisture 
content, ether extract (crude fat), nitrogen 
( protein ), and ash (mineral matter ). Crude- 
fiber content was determined by the method 
described by Whitehouse, Zarow, and Shay 
(1945). The nitrogen-free extract, repre- 
senting digestible carbohydrate, was ob- 


tained by the difference based on dry 
weight. The above analyses constitute a 
proximate analysis. 

Minor-elements determination on one- 
third of the October 1955 samples of red 
maple, black locust, and flowering dog- 
wood, which were collected after leaf fall 
had occurred, was made by methods ap- 
proved by the Association of Official Agri- 
cultural Chemists (op. cit.). 


RESULTS 


Soils—Table 1 shows the analytical data 
for the soils of the study areas according to 
the flame-spectrophotometer method, the 
most accurate of the three methods used. 
The results of the rapid method and with 
the soil-testing kit were comparable and 
corroborative. These data show that the soil 
associated with the shale area had the high- 
est values in pH, calcium, phosphorus, per 
cent base saturation, and total exchangeable 
cations, and it had the lowest value in or- 
ganic matter. The values for pH of the 
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TABLE 4.—MEAN PROXIMATE ANALYSES FOR LOCUST 
(Figures are percentages on oven-dry basis) 
Formation Analysis Sept. Nov. Dec Feb. April June Aug. Oct. 
Moisture 43.8 37.0 30.6 34.0 33.8 70.9 56.7 39.9 
Protein 7.6 9.2 8.7 9.2 8.9" 10.6 7.4 8.9 
BRALLIER Ether extract 2.2 3.0 3.5 2.9 2.9 12 1.5 1.7 
Ash 3.2 3.6 3.0 3.1 3.0 5.0 4.1 2.9 
Crude fiber 27.0 29.3 28.6 275 26.2 32.4 5 | 30.0 
N-free extract 60.0 54.9 56.2 57.3 59.0 50.8 55.9 56.5 
= Moisture 43.1 44.4 20.8 36.6 38.5 69.4 52.0 42.8 
Protein (es 9.1 9.6 9.6 10.0 13.4 rel 8.8 
CLINTON Ether extract 1.9 1.9 2.4 2.7 2.5 1.5 1.2 1.9 
Ash 2.9 27 3.3 3.6 2.8 4.3 2.8 2.3 
Crude fiber aL 28.2 28.0 31.3 31.1 30.1 33.1 31.9 
N-free extract 56.3 58.2 56.7 52.8 53.5 50.7 55.8 55.1 
Moisture 46.8 42.1 24.6 37.9 38.1 69.0 46.1 43.8 
Protein 7.3 9.3 8.4 9.9 8.5 11.4 8.9 10.3 
CHERT Ether extract 1.5 2.2 2.2 2.8 2.2 1.3 1.7 2.1 
Ash 2.9 32 3.0 I 2.6 4.0 of 2.8 
Crude fiber 31.9 32.8 30.4 30.2 29.9 30.8 28.1 30.8 
N-free extract 56.4 53.6 56.0 53.8 56.7 52.4 57.6 54.0 
Moisture 47.1 39.7 38.3' 35.4 39.4 70.4 49.3 41.4 
Protein 6.4 8.0 8.4 8.6 8.6 9.4 6.9 8.5 
SHALE Ether extract 1.5 2.0 2.0 2.2 2.4 1.6 1.3 1.7 
Ash a5 4.5 3.0 3.8 3.6 4.5 25 2.1 
Crude fiber 31.3 32.0 29.8 30.8 32.0 33.7 32.5 30.3 
N-free extract 58.5 53.6 56.5 54.6 53.3 50.8 56.8 56.5 





1 Higher moisture content on shale in December due, in part, to ice on samples. 


other three study areas were generally lower 
and at approximately the same level. The 
Brallier study-area soil was lowest in phos- 
phorous and second highest in both total 
exchangeable cations and organic matter. 
The Clinton study-area soil was second high- 
est in values for pH, phosphorous, and per 
cent base saturation while being highest in 
values for organic matter and manganese. 
The chert study-area soil was the next lowest 
in value for phosphorous, and lowest in 
values for pH, calcium, total exchangeable 
cations, and per cent base saturation. 


Seasonal variations of nutrients in plants. 
—Tables 2 to 5 contain the analytical results 
of the chemical composition in the selected 
browse species for the four study areas; 
these mean values are expressed on an oven- 
dry basis. Graphic presentation of these 
data yields a figure that is too complex and 
involved to follow conveniently, and for 
that reason the information from the pre- 
ceding tables is summarized in Table 6 and 
below. 


With regard to the seasonal consistencies 
and trends in the chemical composition of 
flowering dogwood, black locust, and red 
maple, moisture content decreased from 
June through December and increased from 
December through June. The values for 
protein rose from autumn through early 
summer with a drop occurring between June 
and August. The ether-extract content rose 
from September through April and de- 
creased from April through August. The 
amount of crude fiber was fairly stable in 
red maple and black locust but was very 
erratic in flowering dogwood. The values 
for ash were erratic from September through 
April; there was a decrease in ash content 
from April through October. The amount 
in the nitrogen-free extract decreased gen- 
erally from September through February 
and was erratic from February through 
October. 

Rhododendron and buffalo nut were 
found on only one of the study areas and 
therefore are not mentioned in Table 6. 
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Generally, both species follow the seasonal 
trends described above, especially with re- 
gard to moisture, protein, and ether extract. 
Both species are slightly more erratic in 
trends in ash content than the other three 
species; in crude fiber content, both 
species exhibited a decrease from Septem- 
ber through June and an increase from June 
through October. In nitrogen-free extract, 
rhododendron showed an increase from 
September through August followed by a 
decrease between August and October, 
whereas buffalo nut showed a decrease 
from September through February and an 
increase from February through October. 
Rhododendron had the highest moisture 
content of the five species studied; buffalo 
nut generally had very high moisture con- 
tent. In protein, rhododendron ranged from 
low to average (in comparison with the 
three species found on all soils) whereas 
buffalo nut was very high in protein, second 
only to black locust. Both rhododendron 
and buffalo nut were about average in ether- 


extract content in comparison with the othe, 
species. The ash content of rhododendro, 
ranged from average to slightly above aye, 
age, whereas that of buffalo nut was gen. 
erally the highest. Crude-fiber content ¢ 
rhododendron ranged from average to low. 
for buffalo nut, above average. The nitro, 
gen-free extract for rhododendron was gen. 
erally very high and for buffalo nut ver 
low. 


Analysis of variance——The analysis of 
variance was run on the samples collected 
from December 1954 through October 1955 
(Table 7). The most striking feature of 
these data is that they show that the differ. 
ent species have different nutritive values 
(chemical composition ) when growing on 
the same soil. They also show that, during 
April and August, the different soils haye 
their greatest influence on the nutritive 
values of the plants. Moisture content js 
greatly affected by the soil, and protein con. 
tent is only slightly less affected. 


TABLE 5.—MEAN PROXIMATE ANALYSES FOR MAPLE 
(Figures are percentages on oven-dry basis) 























Formation Analysis Sept. Nov Dec. Feb. April June Aug Oct 
Moisture 46.0 48.2 41.6 46.1 47.2 Tht 57.1 46.6 
Protein 2.6 4.1 4.0 3.6 3.8 6.0 2.4 42 
BRALLIER Ether extract 4,2 Bed 6.2 5.6 4.5 15 El 3.6 
Ash 2.4 2.9 oo 2.4 3.0 3.6 2.6 2.1 
Crude fiber 28.1 28.8 aL. 31.8 26.6 29.9 36.7 31.0 
N-free extract 62.7 59.2 56.0 56.6 62.1 58.9 58.2 59.2 
Moisture 45.1 42.3 32.6 48.3 52.6 65.2 54.2 45.3 
Protein 2.8 4.1 4.1 5.1 4.1 4.4 2.8 3.5 
CLINTON Ether extract 33 a5 3.0 4.8 1.6 1.6 1.4 2.5 
Ash 27 3.0 1.6 2.6 22 ae 2:3 21 
Crude fiber 30.5 28.1 32.5 30.6 32.6 29.5 BB 32.4 
N-free extract 61.7 61.4 58.9 56.8 59.5 61.5 60.0 59.5 
Moisture 51.9 45.5 38.4 46.8 49.6 65.0 47.6 46.9 
Protein 27 4.0 3.4 4.5 4.1 4.4 2.8 3.6 
CHERT Ether extract L.7 3.1 4.5 4.8 1.9 1.6 je 2.6 
Ash 2.3 25 1.8 25 2.6 = | 33 2.4 
Crude fiber 28.4 a 313 29.7 28.7 28.8 29.8 28.5 
N-free extract 64.9 59.3 58.9 58.5 62.7 62.8 63.8 62.9 
Moisture 50.5 43.2 46.0" 49.5 52.0 65.3 52.8 46.4 
Protein 27 4.8 4.6 5.0 4.6 Hs KY | 2.9 
SHALE Ether extract 2.7 4.2 3.4 4.8 1.6 1.6 | B 19 
Ash 2.3 2.8 2.2 2.0 2.1 2.7 zi 1.3 
Crude fiber 32.4 28.8 28.7 30.2 31.9 29.7 a1 34.7 
N-free extract 59.9 59.5 61.2 58.1 59.8 60.5 60.6 59.7 





' Higher moisture content on shale in December due, in part, to ice on samples. 
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Except for the months of February and 
August, at least three of the six nutritive 
qualities of the plants were affected by the 
interaction between the plant and the soil. 

Minor elements.—The amounts of phos- 
phorous, calcium, cobalt, and manganese in 
one sample each of flowering dogwood, 
black locust, and red maple for each study 
area were determined from samples col- 
lected in October 1955, i.e., after leaf fall. 
The results of these determinations are pre- 
sented in Table 8 and show that (1) black 
locust had the highest phosphorous and 
cobalt content, (2) flowering dogwood had 
the highest calcium content, and (3) red 
maple had the highest manganese content. 
On three of the four study areas, the man- 
ganese content of maple exceeded the toxic 
level for bovines reported by Underwoods 
(1956:261). On the chert study area, the 
cobalt content of flowering dogwood and 
red maple was deficient by bovine stand- 
ards, as reported by Price, et al. (1955:227). 


DIscussION 


Four reasons make it infeasible to rate 
one soil over another for providing browse 


of higher nutritional quality. First, in the 
detection of seasonal trends in nutrient 
values for individual species, considerable 
difficulty was encountered because of the 
sporadic rises and falls in values for one 
species over or below those of another. 
Secondly, the variations between collection 
for the species seldom agree with one an- 
other either in degree or direction of fluctua- 
tion. Thirdly, the interaction between soil 
and species affected at least half of the six 
nutritive qualities investigated. Lastly, 
there is a dearth of information regarding 
the coefficients of digestion and total di- 
gestible nutrients in the plants studied; this 
reason also explains why it is impracticable 
to rate one of the browse species studied 
over another. 

Even with the seasonal interaction be- 
tween plants and soils affecting at least half 
of the six nutritive qualities investigated, it 
is possible to state in some instances which 
species does best on a given soil for a given 
nutritive quality; e.g., flowering dogwood 
had its highest ether-extract values on chert, 
or protein in black locust was generally high 
on Clinton. 


TABLE 6.—AVAILABLE NUTRIENTS IN SELECTED BROWSE SPECIES ON DIFFERENT SOILS SUMMARIZED’ 

















Moisture Protein Ether Extract Crude Fiber Ash N-Free Extract 
Docwoop 
Brallier Low High Low 
Clinton Low 
Chert Low High Low High 
Shale High Low High 
Compared to maple _—_ Highest Intermed. Usually Lowest Highest Usually 
and locust high high 
Locust 
Brallier Low High 
Clinton High 
Chert 
Shale Low Low 
Compared to dog- Lowest Highest Lowest Usually Intermed. Lowest 
wood and maple high 
MAPLE 
Brallier Low Low High Low 
Clinton 
Chert Low High 
Shale High High 
Compared to dog- Intermed. Lowest Usually Usually Lowest Usually 
wood and locust high high high 





‘Blank spaces indicate that no trend was noticeable. 
values for a given species or analysis. 


Frequently no one soil gave consistently high or consistently low 














88 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 23, No. 1, JANUARY 1959 


TABLE 7.—SUMMARY OF ANALYSES OF VARIANCE TESTS AT THE 5 PER CENT Propasiuity I, 


EVEL ON 


SAMPLES OF FLOWERING Docwoop, BLack Locust, AND RED MAPLE COLLECTED FROM DECEMBER 1954 
THROUGH OcTOBER 1955 














Hypothesis Month Moisture Protein Ether Extract Crude Fiber Ash __N-Free Extras 
Dec No Yes** Yes No Yes** No 
There is inter- Feb. Yes*® Yes** No No : No No 
action between April No Yes** Yes*® No Yes** No 
species and June No Yes** Yes Yes** No Yes 
soil. Aug. No No No Yes?" No Yes*? 
Oct. No Yes*® Yes** No Yes Yes** 
Different soils Dec. ¥ea** Yes Yes"* No Yes No 
have a distinct Feb. Jae** Yes** No No No No 
influence on April Yes** No Yes** Yos** Yes** Yes*® 
the nutritive June Yes** Yes** No No ves" No 
value of the Aug. Yes** ter" Yes Yes** No Yes?* 
same species. Oct. Yes Yes** Yes No No No 





°° Also true at the 1 per cent probability level. 


[ do not consider it proper or logical to 
state that, because a certain species was 
consistently high in one particular nutrient 
value, such as protein, that species provides 
the best browse. Under such a scheme, 
using high protein content as a basis for 
rating plants, in this investigation black 
locust and buffalo nut would be rated as 
the first and second best browse species, 
respectively. But black locust also had the 
undesirable qualities of being lowest of the 
species analyzed in crude fat (ether extract ) 
and digestible carbohydrate (nitrogen-free 
extract ) and was high in crude fiber. Like- 
wise, buffalo nut had the undesirable qual- 
ity of being low in digestible carbohydrate 
and was of average crude fiber content. 


Consequently, I feel that it is better t 
wait until all the nutrient qualities can be 
used to rate deer browse in a manner similar 
to the digestibility ratios of feeds of do. 
mestic stock. 

In comparing the seasonal trends men. 
tioned in this work with those of Hellmers 
(1940), Swank (1956), and Smith, et al, 
(1956 ), it was found that the work of Smith, 
et al. (ibid.) showed slightly different 
trends in ether-extract content for different 
species, but generally those trends agreed 
with trends for ether extract herein. The 
trends for nitrogen-free extract mentioned 
here agreed with those found by Hellmers 
(op. cit.) and Smith, et al. (op. cit.); in all, 
there was a decrease in winter. However, 


TABLE 8.—RESULTS OF MINOR-ELEMENT ANALYSES 




















Geological , Phosphorous Calcium Cobalt Manganese 
Formation Species (per cent) (per cent) (p.p.m.) (p.p.m.) 
Dogwood 0.067 1.68 0.13 10.0 
BRALLIER Locust 0.080 1.01 0.15 15 
Maple 0.067 0.83 0.21 165.0° 
Dogwood 0.098 1.81 0.12 15 
CLINTON Locust 0.092 0.70 0.13 25.0 
Maple 0.086 0.76 0.12 120.0 
Dogwood 0.077 1.30 0.06" 12.6 
CHERT Locust 0.116 0.77 0.22 30.0 
Maple 0.076 0.85 0.067 500.0' 
Dogwood 0.074 1.45 0.10 7.5 
SHALE Locust 0.094 1.22 0.23 20.0 
Maple 0.059 0.45 0.10 360.0" 





* Concentrations above 150 p.p.m. are considered to be toxic for bovines, according to Underwoods (1956:261). 
2 Concentrations below 0.07 p.p.m. are considered to be deficient for bovines, according to Price, et al. (1955:227). 
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AVAILABLE NUTRIENTS IN DEER-BROWSE SPECIES—Hundley 89 


hecause the areas studied by these authors 
and myself are widely different in climate 
and because some of the studies were twig 
studies while others included leaves, not 
much similarity can be shown in the results 
that are reported. 

On three of the four study areas, the 
manganese content of maple greatly ex- 
ceeded the toxic level for bovines. Until it 
is known that these high levels are caused 
by maple having an affinity for attracting 
manganese or the ability to store this ele- 
ment, or both, and until the manganese re- 
quirements and toxic level are known for 
deer, no conclusion can be reached con- 
cerning this finding. 

The deficiency, by bovine standards, in 
cobalt of flowering dogwood and red maple 
on the chert area is very slight; the defi- 
ciency level of this mineral for deer would 
have to be determined before any signifi- 
cance could be attributed to this finding. 

It is generally accepted that nutritional 
differences exist between browse consisting 
of young plants and browse obtained from 
low-hanging limbs of older plants of the 
same species. Both types of browse were 
used in this investigation, and any differ- 
ences between such samples could be at- 
tributed just as readily to intraspecific dif- 
ferences as to age differences. 


CONCLUSIONS 


Present knowledge is insufficient to al- 
low the use of proximate analyses as a basis 
for rating different plant species with re- 
gard to which provides the most nutritious 
browse for deer although such analyses 
may, when accompanied by data regarding 
deer condition, be helpful in evaluating 
range condition. Further investigations in- 
to (1) the quantitative and qualitative nutri- 
tional needs of deer, (2) the coefficients of 
digestion of deer browse, time-consuming 
and laborious as that would be, and (3) the 
possibility of using analyses and calculations 
as a basis for rating feeds without experi- 
mental feeding are needed; such works 
could very well minimize, if not eliminate, 
difficulties concerned in rating browse spe- 
cies in nutritional quality. 


The geological formations used in this 
investigation for study areas gave origin to 
soils very similar in chemical composition to 
one another. In some instances, it was pos- 
sible to state which species did best on a 
given soil for a given nutritive quality, but 
it was not possible to detect clear trends 
and consistencies in the nutritive values of 
the species collected on the study areas. If 
there were a chemical or analytical method 
of rating browse, as discussed in the above 
paragraph, it might be possible to rate soils 
also, even if they were as similar as those 
used in this study. 


SUMMARY 


From September 1954 through October 
1955, proximate analyses were run on five 
preferred deer-browse species growing on 
four study areas located near Blacksburg, 
Virginia. The soil types tested were some- 
what similar in chemical composition, and 
the nutritional content of twigs taken from 
them showed no consistent differences be- 
tween areas. Protein content rose generally 
during the dormant months. Moisture con- 
tent decreased from June through December 
and was followed by a rise that lasted until 
June. There was a rise in ether-extract 
values from September through April, 
whereas the level of ash content was erratic 
during this period. Crude fiber was fairly 
stable in red maple and black locust, al- 
though erratic in flowering dogwood. There 
was a decrease in the nitrogen-free extract 
during the winter. 

Of the three browse species collected 
from all the study areas, flowering dogwood 
was generally high in moisture content, 
ether extract, ash, and nitrogen-free extract, 
while being average in protein and low in 
crude fiber. Black locust was high in pro- 
tein and crude fiber and low in moisture, 
ether extract, and nitrogen-free extract. 
Maple was generally high in ether extract, 
crude fiber, and nitrogen-free extract and 
low in protein and ash. 

Rhododendron and buffalo nut were col- 
lected from one study area only. In com- 
parison with the other three species sampled 
from that area, rhododendron was very high 
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in moisture and nitrogen-free extract; aver- 
age to low in protein, ether extract, and 
crude fiber; average to high in ash. Buffalo 
nut was very high in moisture, protein and 
ash, average in ether extract and crude 
fiber, and low in nitrogen-free extract. 

The different species had different nutri- 
tive values when growing on the same soil. 
During April and August, the different soils 
had their greatest effect on the nutritive 
value of plants. Moisture content was great- 
ly affected by the soil, and protein content 
was only slightly less affected. Except for 
the months of February and August, at least 
three of the six nutritive qualities of the 
plants were affected by the interaction be- 
tween the plant and the soil. 

Black locust had the highest phosphorous 
and cobalt content; flowering dogwood had 
the highest calcium content; red maple had 
the highest manganese content. On three of 
the four study areas, the manganese con- 
tent of red maple exceeded the toxic level 
for bovines. On the chert area, dogwood 
and red maple were deficient, by bovine 
standards, in cobalt. 
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EDITORIAL NOTE 


The Journal is pleased to report the addition of Helmut K. Buechner to its editorial staff. Dr. Buechner, who will serve 
as Review Editor, was formerly editor of Northwest Science and a frequent contributor to the Recent Literature section 
of Bird-Banding. We are also happy to announce that Frank F. Hooper of the Michigan Conservation Department’s Insti- 
tute for Fisheries Research has accepted appointment as Associate Editor. Dr. Hooper will have the main responsibility 


for editing fisheries articles in our publication. 
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A STUDY OF RENESTING IN CANADA GEESE IN MONTANA’ 


Melvin G. Atwater’ 


Montana State College and Montana Fish and Game Department 


A survey of the literature indicates that 
the extent of renesting in Canada geese 
(Branta canadensis ) has not been thorough- 
ly established. Craighead and Craighead 
(1949), in their studies on the Snake River 
in Wyoming, stated that renesting attempts 
were observed but only two were known 
to have been successful. The criteria used 
for recognizing these renesting attempts 
were not listed. Kossack (1950) mentioned 
one instance of renesting under semiwild 
conditions on an Illinois refuge where mated 
pairs were banded with color-coded cellu- 
loid bands to insure positive identification. 
Naylor (1953) mentioned a possible renest- 
ing attempt on Honey Lake Refuge in Cali- 
fornia, apparently identified by the late- 
seasonal appearance of the nest. Balham 
(1954) listed one instance at Delta, Mani- 
toba, during a 3-year study in which birds 
were wing-clipped and leg-banded with 
colored thermoplastic. Geis (1956), in a 
2-year productivity study in the Flathead 
Valley, Montana, stated that her data indi- 
cated that between 30 and 40 per cent of 
unsuccessful nesting pairs made renesting 
attempts. Although individual geese could 
not be recognized, a nest was designated a 
renest when it appeared in the same area of 
an earlier nest failure. 

The present study was conducted during 
the spring nesting seasons of 1956 and 
1957 among reservoirs in southern Phillips 
County, Montana. Twelve nesting females 
were live-trapped at their nests, individually 
marked, and released. Subsequent observa- 
tions of marked individuals aided in an 


‘A joint contribution from Montana State Col- 
lege, Agricultural Experiment Station, Project No. 
MS844, Paper No. 427, Journal Series, and the 
Wildlife Restoration Division, Projects W-76-R-2 
and W-76-R-3, Montana Fish and Game Depart- 
ment. 

*Present address: Laboratory Analysis Branch, 
Statistics Division, Quality Evaluation Laboratory, 
U.S. Naval Torpedo Station, Keyport, Washington. 
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evaluation of renesting. Sowls (1949) con- 
ducted similar experiments on seven species 
of nesting ducks at Delta, Manitoba. 

The writer is indebted to Don C. Quimby, 
Montana State College, who directed the 
study and aided in preparing the manu- 
script; to Dale Witt of the Montana Fish 
and Game Department for assistance in the 
field; to Frank M. Kozlik, California De- 
partment of Fish and Game, for trapping 
techniques; to John C. Wright and W. E. 
Booth, Montana State College, for verifying 
plant identifications; and to the landowners 
of the study area for their co-operation. 
During this study, the writer was employed 
by the Montana Fish and Game Department 
under Federal Aid Projects W-76-R-2 and 
W-76-R-3. 


Stupy AREA 


Phillips County, located in north-central 
Montana, is characterized by a gently roll- 
ing, glaciated plain of sagebrush-grassland, 
interrupted by severely eroded gullies and 
drainage bottoms. It is treeless except for 
scattered plains cottonwoods (Populus sar- 
gentii) and sandbar willows (Salix interior ) 
along these bottoms. The Milk River Valley 
divides the county into north and south 
portions. The study area was located in the 
southern part. The elevation of the Milk 
River Valley at Malta is 2,254 feet, increas- 
ing gradually both north and south (De- 
Young, Youngs, and Glassey, 1932). The 
climate is characterized by a dry atmos- 
phere, comparatively long, cold winters, hot 
summers, and a large proportion of sunny 
days. The moderately low annual precipita- 
tion ranges from 10 to 15 inches. Both dry 
and irrigated farming are practiced, with 
livestock, small grains, and forage crops 
being the principal resources. Irrigation 
waters are obtained from the Milk River and 
from reservoirs placed along natural drain- 
ages. The streams in the study area are 
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Fic. 1. 


mostly intermittent, flowing during the 
spring runoff when the reservoirs are usually 
filled to capacity or overflowing. The water 
levels in the reservoirs become very low in 
late summer as the result of irrigation, 
evaporation, and livestock use. 

Twelve reservoirs, used by geese for nest- 
ing and located within 12 miles of each other 
in the Big Warm Spring Creek, Little Warm 
Spring Creek, and Alkali Creek drainages, 
were included in the study area (Fig. 1). 
The geese that nest in this area form part 
of the Phillips County or Bowdoin popula- 
tion, estimated by Dale Witt (pers. comm., 
1957), as the result of aerial censuses con- 
ducted during the nesting seasons of 1955, 
1956, and 1957, to be approximately 500 
breeding pairs. 

The study reservoirs varied in size from 
3 to 227 acres. Four were used for irriga- 
tion in the late spring and early summer of 
1956 and 1957, causing severe fluctuations 
in water levels. Four were built by the 
Federal Goverment in 1936 and 1937 and 
are presently administered by the United 
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Typical reservoir on which geese were found nesting. 


States Forest Service, while the others are 
privately owned and built during the period 
from 1920 to 1940. All had earth-filled dams 
and natural spillways. Maximum depths 
ranged from 4 to 13 feet. Shoreline topog- 
raphy was mostly flat or gently sloping, with 
portions of three reservoirs having low, 
sharply eroded banks. The area surround- 
ing the original creek bed of several reser- 
voirs was often flooded during the spring 
runoff, creating a few temporary islands and 
peninsulas. 

Aquatic vegetation was sparse but ap- 
peared in greater abundance in summer 
when water levels were low. Shoreline 
vegetation, which was closely cropped as 
a result of intensive grazing, was predom- 
inately of the sagebrush-grassland type. 
The shorelines were mostly treeless except 
for occasional plains cottonwoods and sand- 
bar willows. 


METHODS 


Observations extended from March 15 to 
July 10, 1956, and from April 3 to June 24, 
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1957. Nest searches were conducted on foot 
and from an airplane soon after the geese 
arrived, to insure the location of first nests 
in the egg-laying stage. Such nests obviously 
rovided more complete histories than those 
found during incubation. For nests with 
complete histories, trapping of the nesting 
females was carried out during the egg- 
laying stage or during incubation. 

A manually operated, spring-type trap for 
capturing geese on the nest was developed 
from a Hancock live-beaver trap. A. W. 
Miller and E. G. Hunt of the California 
Department of Fish and Game had de- 
veloped a smaller spring-type trap from a 
Bailey beaver trap for use in duck-renesting 
studies in northern California. Only the 
base springs were retained from the beaver 
trap. To these was attached the single jaw 
of the trap, which consisted of a hoop of 
light conduit approximately 5 feet long and 
4 feet wide at its greatest dimensions. The 
hoop was loosely covered with 1-inch mesh 
netting. The hoop and springs were fastened 
to a heavy angle-iron framework for sup- 
port. The trap was set adjacent to a goose 
nest with the jaw held open by means of 
a hinge bent over the hoop frame and held 
in position by a small ring. A long twine was 
attached to this ring so that the trap could 
be sprung from varying distances. When 
sprung, the netting of the hoop completely 
covered the goose nest, thus trapping the 
female. 

When captured, geese were banded with 
United States Fish and Wildlife Service leg 
bands and marked individually with a Du 
Pont Duco yellow car lacquer. The latter 
was applied in the field with a brush to 
tertial, secondary, and primary wing feath- 
ers and tail feathers in various combina- 
tions (Fig. 2). The paint was quick-drying 
and long-lasting, showing up well on at 
least one bird for 82 days. Geese with 
painted tertials showed up especially well. 
To simulate natural nest destruction, all eggs 
were removed from the nests of trapped 
geese and placed in an incubator. For nests 
with incomplete histories, the approximate 
length of incubation at the time of trapping 
was determined from the hatching dates of 





Goose with painted tertials and center 
tail feathers. 

these eggs in the incubator. Dow (1943) 
stated that the average incubation period 
for Canada geese nesting in their natural 
habitat in Honey Lake Valley, California, 
is 28 days. An average incubation period of 
28 days was also found for eggs of Phillips 
County geese according to the hatching 
dates of 14 undisturbed clutches in their 
natural habitat and of 63 eggs placed in the 
incubator from nests with complete his- 
tories. After their release, marked geese 
were subsequently observed from the 
ground and from an airplane throughout the 
nesting season for behavior, movements, 
and possible renesting attempts. 


Fic. 2. 


RESULTS 


The first geese arrived in Phillips County 
on March 18, 1956, and March 9, 1957. A 
band analysis made by the author in 1957 
of 461 returns from 1,856 geese banded in 
Phillips County from 1950 through 1956, 
indicated that the principal wintering area 
of these geese is the Rio Grande in New 
Mexico. Weekly aerial censuses conducted 
by Dale Witt each year showed that the 
peak of migration occurred during late 
March. The geese appeared to be paired 
upon arrival. Based on indirect evidence, 
Hanson (1953) indicated that pairing takes 
place chiefly on the wintering grounds or 
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in the earlier stages of spring migration. 
Nesting activities in Phillips County com- 
menced soon after arrival of the birds, with 
territories being established and defended 
before the ice and snow were entirely gone. 
The first nests were observed on April 11 
of both years, but in 1957 one of these nests 
contained seven eggs on this date. The 
peak of the hatch occurred in mid-May. The 
length of the nesting season was at least 75 
days in both years. One goose was observed 
incubating on July 4, 1956. 

Reservoirs as small as 2 and 3 acres com- 
monly supported at least one nesting pair. 
There was definite preference for the islands 
and peninsulas as nesting sites, including 
temporary islands and peninsulas created by 
flooding. The majority of nests were within 
25 yards of the water in open, short-grass 
areas, although a few were found in willow 
cover or on matted hardstem bulrushes 
(Scirpus validus ). Nests were composed of 
the nearest available materials, usually con- 
sisting of grasses and twigs and supple- 
mented with down. Because the irrigation 
reservoirs were subject to radical changes in 
water levels over comparatively short pe- 
riods of time, some nests were flooded. 

Trapping of nesting females was started 
on April 16, 1956, and April 12, 1957. The 
trap was set at 25 nests over the 2-year 
period. Sixteen of the nesting females re- 
turned to their nests after the trap was set. 
Twelve were successfully trapped. Seven 
desertions, two nest predations while the 
trap was set, one trap casualty, and one 
escape from the trap were recorded. Two 
geese were not trapped due to the inability 
of the observer to spring the trap before the 
geese moved off the nests. No eggs were 
broken or cracked during any trapping 
procedures. 

A summary of the subsequent activities 
of the 12 marked geese is given in Table 1. 
Two (Nos. 1 and 6) were known to have 
renested, No. 1 twice, No. 6 once. Only 
these two were trapped and marked during 
the egg-laying stage. Eight (Nos. 2, 4, 5, 
7, 8, 10, 11, and 12) of the remaining 10 
geese were observed for 16 to 34 days after 
egg removal, and no signs of renesting were 


detected. Since these eight were last ob. 
served during the peak of hatch in mid-May 
or later, I believe that the possibility of r¢. 
nesting was slight. Data for two birds were 
incomplete. No. 9 was not reobserved afte; 
trapping, while No. 3 was observed for only 
7 days. 

Goose No. 1, which renested twice, was 
known to have laid four eggs in her firg 
nest. The renesting interval, the interya| 
from the time of egg removal at the firs 
nest until the first egg was laid in the 
second nest (Sowls, op. cit.), could not be 
determined exactly but was calculated to 
be 2 to 2.5 weeks. The second nest was 
located on the same 82.5-acre reservoir 34 
days after egg removal from the first nest. 
It was approximately 0.3 mile from the first 
nest. The second nest contained six eggs 
when discovered and was observed under 
incubation for 12 days until it was destroyed 
by predation. The third nest was found 
10 to 11 days after the second nest was des- 
troyed, at which time the goose was already 
incubating three eggs. It appears that this 
third nest was started within a week after 
the second nest was destroyed. It was 
located on the same reservoir approximately 
0.1 mile from the first nest and 0.2 mile from 
the second, in an old nest in which eggs of 
another goose had hatched earlier in the 
same season. It was observed under incv- 
bation for 19 days and then found deserted 
6 days later. Examination of the three eggs 
revealed that two were rotten and one had 
an embryo in a late stage of development. 
This goose was engaged in nesting activity 
for at least 81 days (April 15 to July 4). 

Goose No. 6 was trapped on the nest in 
1956 (No. 2) and again trapped on the same 
87-acre reservoir in 1957, but on a different 
nest site. Close observation in 1956 revealed 
no renesting activity, although this goose 
and her mate remained on this same reser- 
voir during most of the nesting season. In 
1957, the first nest was found on April 11. 
It contained four eggs. When the goose was 
trapped on April 13, the nest contained six 
eggs. The pair was observed for at least 
four days on this reservoir following trap- 
ping and egg removal. This pair was then 
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TABLE 1.—ReEsUME OF ACTIVITIES OF 12 MARKED GEESE 
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CiutcH TAKEN 


SUBSEQUENT OBSERVATIONS 














No. Date Incubation Elapsed Observed Distance 
Eggs Taken Stage (Days) Days? Dates Activities Moved? 
l 4 Apr. 19, 1956 0 0-12 Apr. 19-—May 1 Pr. alone near nest no. 1 — 
3446 May 23-June 4 Incubating 6 eggs 0.3 
46-47 June 4-5 Nest no. 2 destroyed — 
57-76 June 15-July 4 Incubating 3 eggs 0.1 
77-81 July 5-9 Nest no. 3 deserted — 
82 July 10 Pr. alone near nest no. 3 — 
9° 5 Apr. 21, 1956 1-2 0-30 Apr. 21—May 21 Pr. alone but not near 0 
nest no. 1 
» 9g Apr. 24, 1956 2 0-7 Apr. 24—May 1 Pr. usually with other 3 
geese; very restless 
4, 4 Apr. 25, 1956 1 or 0-31 Apr. 25—May 26 Pr. usually alone near 0) 
less nest no. 1 
5 5 Apr. 27, 1956 1-2 0-7 Apr. 27—May 4 Pr. alone 0 
10-17 May 7-14 Pr. usually alone 1,3 
6s) 6 Apr. 13, 1957 0 0-4 Apr. 13-17 Pr. alone near nest no. 1 0 
16 Apr. 29 Pr. alone 24 
21 May 4 Flushed from nest con- 24 
taining 5 eggs 
22-48 May 5-31 Incubating 6 eggs 
48-49 May 31l-June 1 6 eggs hatched 
7. 5 Apr. 18, 1957 8-9 0-34 Apr. 18—May 22 __—swPr. alone 0.5 
8. 6 Apr. 26, 1957 8-9 0-28 Apr. 26—May 24 Pr. alone; very restless 5 
9, 4 Apr. 27,1957 10-11 No reobservations — 
10. 4 Apr. 28, 1957 5-6 0-24 Apr. 28—May 22 Pr. alone and with small 0 
groups but not near 
nest no. 1 
nun. 5 May 3, 1957 19 0-19 May 3-22 Pr. alone; restless 5 
12 6 May 6, 1957 24-25 0-16 May 6-22 Pr. usually alone; restless 3,4 





1 From date original clutch was taken. 
2 From site of original nest; in miles. 
3Same bird in 1956 and 1957. 


discovered 12 days later, 24 miles away on 
the 5,000-acre water area of Bowdoin Na- 
tional Wildlife Refuge. Five days later, the 
goose was observed nesting there on a penin- 
sula. The nest then contained five eggs, and 
a sixth was laid later. The renesting interval 
was approximately 17 days, allowing one 
day for the laying of each egg. All six eggs 
hatched, indicating no lack of fertility in 
this renest. 

Observations of marked birds revealed 
that restlessness and considerable flying and 
wandering around among the reservoirs 
usually characterized a pair of geese the 
nest of which had been destroyed. Marked 
birds often remained alone with their mates 
throughout most of the nesting season, and 
those not renesting were believed to have 


eventually joined flocks of nonbreeders or 
unsuccessful breeders and apparently moved 
out of the study area for molting. The last 
observation of a marked bird (No. 4) not 
renesting was made on May 26. Unsuccess- 
ful nesting pairs usually moved away from 
the vicinity of their destroyed nests. Seven 
of the 12 marked birds (Nos. 3, 5, 6, 7, 8, 
11, and 12) moved to different water areas, 
while three (Nos. 1, 2, and 10) moved to 
different sections of the same reservoir. 
Only one (No. 4) remained in the vicinity 
of its destroyed nest during all observations. 

This study showed that a nest placed 
near a site of an earlier unsuccessful nest 
was not necessarily that of the same pair re- 
nesting. An illustration of this occurred 
when a marked bird (No. 7) and her mate 
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TABLE 2.—SuMMARY OF GoosE NESTING ON Stupy AREA IN 1956 AND 1957 








Date No. of 


UnsuccEssFuL NEsts 


SuccEssFuL NEsts 











Nests Nests — 

Started Started No. Dates? No. Dates2 
Apr. 4-30 61 29 Apr. 12-30 19 May 7-3] 
13 May 1-31 
May 1-20 10° 6 May 11-31 2 June 1-1] 
2 June 4-9 
June 6-12 yy 1 July 4-9 0 
Totals 72 51 21 





1 Dates nests were destroyed or found deserted. 
2 Dates nests hatched. 


left the reservoir, and another pair imme- 
diately moved into the territory and built 
a nest near the destroyed nest. Without the 
aid of marked birds, one might have con- 
cluded incorrectly that this second nest was 
that of the same pair renesting. 

The number of eggs laid in each nest of 
the renesting geese (4-6-3 and 6-6) formed 
no particular numerical pattern and could 
not be used as a criterion for distinguishing 
renests from first nests. Differences in nest 
structures and amounts of down present 
were not sufficient to distinguish original 
nests from renests. Sowls (op. cit.) made 
this same observation in his study of re- 
nesting ducks. Renest locations of the 
marked geese were quite different from first 
nest locations. These may have been de- 
termined by the availability of attractive 
sites. Goose No. 1 nested on a meadow 
peninsula, a bank, and an island all on the 
same reservoir. Goose No. 6 nested on a 
peninsula of a small reservoir and then re- 
nested 24 miles away on a peninsula of the 
much larger water area of Bowdoin Refuge. 

The data from the 12 marked birds sug- 
gest that only a small percentage of the 
Canada geese on the study area renested 
after their first nests were destroyed. The 
light intensity of “late” nesting observed in 
the study area apparently supported this 
conclusion (Table 2). Of 61 nests started 
in April during 1956 and 1957, 29 were 
unsuccessful during April and 13 during 
May, due to trapping, predation, desertion, 
or flooding. Only 11 nests were known to 
have been started on the study area after 


3 Including first renest of goose No. 1. 
* Second renest of goose No. 1. 


May 1, two of which were known to be 
renests of goose No. 1. This number of “late” 
nests did not seem to indicate a high degree 
of renesting, even if all were renests. The 
second nest of goose No. 6 is not included in 
Table 2, although this bird was known to 
have renested outside the study area. The 
possibility of many renests being included 
in the April nest total seems slight. 

First nests of the two geese known to 
renest were both destroyed during the egg. 
laying stage. This small sample may suggest 
that geese having nests that are destroyed 
during the egg-laying stage are more likely 
to renest. However, one of these birds did 
incubate a third clutch after the second nest 
had been terminated during incubation. 

Two 2-year-old females (Nos. 9 and 10), 
which had been banded as juveniles, were 
found nesting on the same reservoir where 
banded. These geese were probably nesting 
for the first time, since Canada geese are 
generally not considered to nest until they 
are at least two years old. Elder (1946) and 
Kossack (op. cit.) found that only 25 per 
cent and 8 per cent, respectively, of 2-year- 
olds nest under semicaptive conditions. 
Balham (op. cit.) reported similar con- 
clusions. 


SUMMARY 


A study of renesting Canada geese was 
conducted among 12 reservoirs in Phillips 
County, Montana, during 1956 and 1957. 
Twelve females were live-trapped at their 
nests during the egg-laying or incubation 
stage. Eggs were removed from these nests 
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o simulate natural nest destruction. The 
wese were individually marked and re- 
ipased. Eleven marked birds were observed 
*§ times after release. Two of the marked 
birds renested; one renested twice, the other 
once. These were the only ones trapped 
during the egg-laying stage. Each took 2 
to 2.5 weeks to renest the first time. One 
started a third nest within a week after the 
second nest had been terminated during 
incubation. Neither numbers of eggs nor 
differences in nest structures and amount 
of down distinguished original nests from 
renests. Renest locations were quite dif- 
ferent from first-nest locations. One bird 
nested three times on the same reservoir, 
while the other moved 24 miles to a larger 
water area to renest. Unsuccessful nesting 
pairs usually moved away from the original 
nest sites and remained by themselves. They 
were generally characterized by restlessness 
and considerable flying and wandering 
around among the reservoirs. Data from the 
marked birds indicated that a nest placed 
near the site of an earlier unsuccessful nest 
was not necessarily that of the same pair 
renesting. Two 2-year-old females were 
found nesting on the reservoir where they 
had been banded as juveniles. These geese 
were undoubtedly nesting for the first time. 
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GULF. COAST MARSH VEGETATION AS FOOD OF 
WINTERING WATERFOWL 


J. L. Chamberlain 


Department of Biology, Randolph-Macon Woman’s College, Lynchburg, Virginia 


The purpose of this investigation was to 
evaluate waterfowl utilization of marsh food 
plants in southwestern Louisiana. The work 
was a phase of an environmental study of 
Rockefeller Refuge (Louisiana Wildlife and 
Fisheries Commission), Grand Chenier, 
Cameron Parish, Louisiana. The data are 
based mainly on plant materials found in 
1,251 gizzards removed from 17 species of 
waterfowl in the hunting seasons of 1955-56 
and 1956-57. 


Adequate knowledge of foods of water- 
fowl wintering on these marshlands could 
provide a partial basis for controlling the 
growth of certain plants on the refuge. Ap- 
proximately 20 per cent of the 86,000-acre 
waterfowl refuge has been impounded to 
manipulate water levels and salinities. 

Although considerable information has 
been published on foods of waterfowl, much 
of it pertains to regions rather than specific 
marsh areas. Martin and Uhler’s (1939) 
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exhaustive treatment of duck food plants in 
North America included significant material 
from the lower Mississippi area. They 
sampled material from the vicinity of the 
present study. Singleton (1953) has treated 
the feeding habits of ducks and geese win- 
tering in Texas. His analysis related the 
food of birds killed in different marsh zones 
to the vegetation present. 


METHODS 


Birds were examined and gizzards col- 
lected at regular intervals through the hunt- 
ing seasons at gun clubs in the vicinity of 
the refuge. Although crops are more rep- 
resentative of food consumed immediately 
prior to the time the bird was shot, they are 
more difficult than gizzards to remove. Most 
of the co-operating guides were anxious to 
leaves their clubs to attend to trap-lines or 
other occupations, hence the more readily 
removed gizzards had to be used. The col- 
lections were separated according to the 
type of marsh in which the birds were shot. 
Approximately 75 per cent of the material 
was from birds shot in brackish marsh, and 


the remainder was from birds killed jn an 
expanse of fresh marsh. 

The designation “brackish marsh,” as Used 
here, includes salt marsh and a broad transi. 
tion zone between the latter and fre, 
marsh. In general the term includes “T 
15, Salt Flats” and “Type 16, Salt Meadow’ 
of the Fish and Wildlife Service classifica. 
tion ( Martin, et al., 1953). The fresh-mars) 
area where gizzards were recovered for this 
study is comparable to “Type 12, Shallow 
Fresh Marsh.” However, the plant-specie, 
components of the Fish and Wildlife Ser. 
ice categories are of necessity quite general 
and are not precisely those occurring in the 
area of study. Tidal influence is negligible 
in both brackish and fresh-marsh areas, 

Initial separation of the dried gizzard 
contents was accomplished by use of a South 
Dakota seed blower. Similar kinds of foods 
were identified, grouped, and measured 
volumetrically in a 10-ml. graduated centr. 
fuge tube. Recognition of species of poly- 
typic plants from seeds in the gizzards of 
waterfowl is difficult and often of dubious 
value. Generic determinations are generally 


TABLE 1.—Primary Foop IrEMs Occurrinc in 1,251 WATERFOWL GiIzZARDS 








Frequency (Per Cent) of Food Items 





Number of Gizzards 





Species! 


Plant Materials 


Animal Materials 








Total Empty 
Seeds Vegetation Tubers Insects Mollusks Fishes Crustaceans 
Mallard 606 5 99 2 1 16 3 1 1 
Pintail 174 — 100 4 — 12 3 — 1 
Widgeon 107 2 93 65 -- ll 1 1 —_ 
Green-winged teal 100 — 100 — — 18 9 — _ 
Gadwall 92 4 95 48 — 7 3 1 _— 
Mottled duck 73 a 100 3 — 22 10 4 1 
Shoveler 35 ~e 100 6 — 43 52 6 6 
Blue goose 18 — 39 100 56 — — — _ 
Blue-winged teal 10 — 100 — — 20 20 — —_ 
Scaup 9 — 100 — — 11 56 — —- 
Canada goose 8 — 63 75 25 — — — — 
Canvasback 6 — 100 17 _— 33 83 33 _ 
Redhead 5 — 100 20 — 40 60 20 — 
Hooded merganser 4 1 — 25 — —_— — — 75 
Bufflehead 2 — 100 — — 50 50 — — 
Black duck 1 — 100 — — on _— ne — 
Red-breasted merganser 1 — — -— — — — 100 — 





' The scientific names of the species in this column are: mallard (Anas platyrhynchos), pintail (Anas acuta), widgeon 
(Mareca americana), green-winged teal (Anas carolinensis), gadwall (Anas strepera), mottled duck (Anas fulvigula), 
shoveler (Spatula clypeata), blue goose (Chen caerulescens), blue-winged teal (Anas discors), scaup (Aythya affinis), 
Canada goose (Branta canadensis), canvasback (Aythya valisineria), redhead (Aythya americana), hooded merganser 
(Lophodytes cucullatus), bufflehead (Bucephala albeola), black duck (Anas rubripes), red-breasted merganser (Mergus 
serrator), respectively. 
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afficient, but when seed characters are dis- 
tinct more precise identification is justified. 
Nomenclature of plants used follows Fer- 
ald (1950), Bailey (1949), and Small 
(1933). 

Quantitative expressions of foods con- 
gmed by animals are usually in terms of 
volume and frequency. These conventional 
units are used here, although each has limi- 
tations (Martin, 1949; Coulter, 1957). In 
measuring the amount of an item, only 
volumes exceeding 0.1 ml. were recorded 
numerically; quantities less than 0.1 ml. 
were tallied as a “trace.” One is probably 
iustified in emphasizing volumetric records 
if they constitute a major proportion of the 
total records. In the present study, however, 
volumetric records comprised less than half, 
or 43 per cent, of the total records (5,637). 


Foops EATEN BY WATERFOWL 


Seeds were the important constituent in 
the diet of the 17 species of waterfowl ex- 
amined except blue geese and mergansers 
(Table 1). Vegetation was most commonly 
eaten by geese, particularly blue geese, but 
widgeons and gadwalls also consumed ap- 
preciable amounts. Blue geese probably eat 
more tubers than do Canada geese, and this 
item was not important in the foods of 
ducks. Insect and mollusk remains were 
prevalent in duck gizzards, but were not 
encountered in the gizzards of geese. 
Shovelers, mottled ducks, and teals fre- 
quently ate insects and mollusks, as did 
buffleheads, canvasbacks, and redheads, but 
the number of gizzards representing these 
latter three ducks is too small to yield 
reliable conclusions. 

The analysis of specific food items (Table 
2) is based largely on seeds. Precise iden- 
tification of other plant structures, i.e., 
culms and tubers, was not practical. Volu- 
metric tabulations are included, but the fre- 
quency more accurately indicates relative 
importance of the individual items. The two 
expressions do not agree closely, probably 
because of appreciable differences in the 
sizes of seeds. 

Plants of the family Cyperaceae were the 
most important duck foods in the area. They 
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TABLE 2.—SEEDS EATEN BY WATERFOWL IN THE 
GRAND CHENIER AREA; BASED ON 1,251 Gizzarps 














Frequency Volume 

Species Per Number Per 
Number Cent MI. Cent 
Cladium jamaicense 911 72.5 529.6 25.0 
Eleocharis spp. 658 52.5 150.4 7.1 
Scirpus validus' 521 41.6 68.1 1.2 
Distichlis spicata 513 41.0 3460 163 
Echinochloa spp. 426 340 277.8 13.1 
Scirpus robustus 243 #+4194 146.3 6.9 
Brasenia Schreberi 225 17.9 120.7 5.7 
Cyperus spp. 206 164 131.3 6.2 
Oryza sativa 190 15.2 71.6 3.4 
Paspalum spp. 171 $136 92.9 4.4 
Cuscuta spp. 147) iL 15.3 0.7 
Ruppia maritima 144 11.5 16.9 0.8 
Polygonum spp. 14t ig 17.9 0.8 
Heliotropium spp. 126 =: 10.0 32.6 1.5 
Panicum spp. 90 7.2 36.6 a7 
Potamogeton spp. 63 5.0 19.9 0.9 
Melochia corchorifolia 55 4.4 5.6 0.3 
Fimbristylis spp. 50 4.0 10.0 0.5 
Acnida spp. 49 3.9 6.8 0.3 
Nymphaea spp. 46 3.7 3.1 0.1 

Scirpus Olneyi 32 2.6 0 0 

Proserpinaca spp. 17 1.4 0.5 0 
Myriophyllum spp. 15 Le 3.8 0.2 
Scirpus fluviatilis 12 1.0 2.6 0.1 
Other species* 109 8.8 11.4 0.2 





1S. californicus of Small (1933). 

2 Includes 25 genera. 
occurred twice as often in the gizzards as 
did plants of secondary importance. Cladi- 
um jamaicense, Scirpus spp., and Eleocharis 
spp. were the seeds most commonly found. 
Cladium is a fresh-marsh species, but its 
frequency was nearly as high in birds shot 
in the brackish marsh (Table 3). 

The high frequency of Cladium is surpris- 
ing for the plant was not abundant in the 
area. At one time the fresh-marsh zone and 
the inland limits of the brackish marsh had 
been a dense stand of Cladium, but at the 
time of the study this plant had been re- 
placed by Scirpus validus, Sagittaria spp., 
and Phragmites communis. Many of the 
birds from the brackish-marsh hunting area 
had probably been feeding in marsh that 
formerly was predominantly Cladium. Per- 
haps the seeds remain available in the sur- 
face muck layers for many years. 

Four species of Scirpus were found in the 
gizzards, and together they constitute the 
second most prevalent food item (frequency 
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TABLE 3.—COMPARISON OF MARSH PLANT UTILIZATION BY MALLARDS; FROM FREQUENCIES oF Trex 
IN GizzARDs 








Fresh Marsh 
(228 gizzards) 


Species 


Brackish Marsh 
(379 gizzards) 








Frequency Per Cent Frequency Per Cent 

FRESH-MARSH PLANTS 

Cladium jamaicense 205 90.0 288 76.0 

Scirpus validus 59 26.0 139 37.0 

Echinochloa spp. 145 64.0 103 27.0 

Brasenia Schreberi 92 40.0 68 18.0 

Polygonum spp. 70 31.0 38 10.0 
BRACKISH- OR SALT-MARSH PLANTS 

Distichlis spicata 4 1.8 325 86.0 

Scirpus robustus 3 i3 128 34.0 

Ruppia maritima 2 0.8 16 4.2 
CULTIVATED PLANTS 

Oryza sativa (rice ) 63 28.0 58 15.0 
OTHER PLANTs' 

Eleocharis spp. 148 65.0 200 53.0 

Cyperus spp. 65 28.0 43 11.0 

Paspalum spp. 90 39.0 35 9.0 

Cuscuta spp. I? 7.0 53 14.0 





' Polytypic forms found in various zones. 


56.5 per cent). Scirpus validus and S. ro- 
bustus were the two important plants of the 
genus. Utilization of Scirpus Olneyi was 
not appreciable. 

The genus Cyperus ranked seventh among 
plants taken. Its various species grow abun- 
dantly on the berms of levees in late sum- 
mer and fall. The small size of the seed 
probably accounts for the low volumetric 
rating. 

The second important family was the 
Gramineae. Distichlis, the dominant salt- 
marsh plant, and Echinochloa, mainly a 
fresh-marsh species, were the genera most 
frequently taken. Cultivated rice (Oryza 
sativa) was slightly more common in the 
gizzards than Paspalum. Rice fields are 10 
miles north of the brackish-marsh area and 
only 5 miles from the fresh-marsh area. They 
support high populations of mallards and 
pintails throughout the wintering period. 
Ducks in the fresh marsh, 5 miles from the 
rice fields, ate rice almost twice as fre- 
quently as did birds from the brackish area. 

Waterlilies (Nymphaeaceae) in the re- 
gion of investigation are mainly fresh-water 
plants. Brasenia Schreberi was consumed 
more commonly than were other members 
of the family. The famed banana waterlily 


(Nymphaea mexicana) was only encoun. 
tered in two instances, but another species 
of the same genus occurred more frequently, 

Ruppia, widgeon grass, is a_brackish- 
marsh species and its frequency of occur 
rence (eleventh) was noticeably higher in 
birds from the brackish zone. It was con- 
siderably more common, in the gizzards and 
in the marsh, than Potamogeton, also of the 
family Zosteraceae. 

The final family of significance was the 
Polygonaceae, represented in the gizzards 
by the single genus Polygonum. 

The important food plants, as suggested 
by common occurrence in the gizzards, are 
not necessarily the most abundant species 
in the marsh. Phragmites, Sagittaria, and 
Spartina spp. comprise a large area of the 
marsh but are not of value as duck foods. 
Sagittaria was represented in the total 
sample in only four gizzards, and Phrag- 
mites and Spartina were absent. However, 
Spartina was consumed in quantity by blue 
geese. The succulent shoots, emerging after 
a burn, and the root stalks are readily taken. 


SIGNIFICANCE OF SEASON AND AVAILABILITY 


The analysis of gizzards collected during 
a two-month season may not reflect the 
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feeding habits of birds during their entire 
wintering period. The sample was suffi- 
ciently large in 1956-57 to be divided into 
subsamples through the season, but none of 
the plant species varied significantly in fre- 
quency of occurrence within the season. 
There was no appreciable difference be- 
tween the two years in kinds or proportions 
of foods taken. 

There were definite differences in com- 
position of duck populations in the fresh 
and brackish marshes. Mallards were more 
prevalent in the fresh marsh, but a greater 
variety of ducks occurred in the brackish 
area. There were also distinct differences in 
the feeding habits of ducks wintering in the 
two types of marshes (Table 3). 

Ducks included in the fresh-marsh cate- 
gory were shot mainly in the “Big Burn” 
area of Cameron Parish. This is a vast ex- 
panse of effectively isolated marshland 
about 10 miles northwest of Rockefeller 
Refuge. In the early 1920's the region suf- 
fered from an extended spring drought. The 
marsh caught fire and burned into the deep 
organic layer for about three months. The 
vegetational complex was changed from 
Cladium to Scirpus validus, Sagittaria, and 
dense growths of submerged aquatic plants. 
The latter flourished apparently because of 
greater water depths and continual exclu- 
sion of saline waters. This expanse of prime 
habitat supported a consistently high popu- 
lation of migrant waterfowl. 

Comparison of the columns of Table 3 
indicates that birds shot in the different 
vegetative zones had been feeding on rep- 
resentative plants. The relation is most pro- 
nounced for the brackish- and salt-marsh 
vegetation. Appreciable overlap, or pres- 
ence of fresh-marsh plant seeds in gizzards 
of ducks shot over the brackish marsh and 
vice versa, is to be expected. Wintering 
waterfowl probably have a wide daily cruis- 
ing range, which would encompass differ- 
ent types of marshes. 

The difference in foods taken in the two 
types of marshes implies that food habits 
are influenced by availability. The impor- 
tance of availability has been suggested by 
other writers (Beckwith and Hosford, 1957; 
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Coulter, 1955; Korschgen, 1955; Singleton, 
op. cit.). However, according to Martin, 
et al. (1951), when foods are abundant, 
animals have an opportunity to exercise 
preference among the different kinds avail- 
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SUMMARY 


Marsh-plant utilization by wintering 
waterfowl was determined by analysis of 
1,251 gizzards from 17 species of ducks and 
geese. Emphasis was placed on frequency 
of occurrence of foods because volumetric 
measurements comprised less than half of 
the total records of items in the gizzards. 
Forty-nine plant species were identified. 
Seeds of Cladium, Scirpus, and Eleocharis 
were most frequently taken. Plants of 
Cyperaceae and Gramineae produced the 
most important foods. Distinct differences 
occurred in items taken by ducks wintering 
in different types of marshes. 
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STATUS AND POPULATION TREND IN FOX SQUIRRELS 
ON FRINGE RANGE, COLORADO 


Lee E. Yeager 


Colorado Cooperative Wildlife Research Unit,! Colorado State University, Fort Collins, Colorado 


The fortunes, environmental and popula- 
tion-wise, of any game species on fringe or 
marginal range, over a 10-year period, is of 
management interest. In the present in- 
stance, the fox squirrel (Sciurus niger rufi- 
venter ) was hunted systematically, 1948-57, 
on substantially the same areas in north- 
central Colorado, the westernmost distribu- 
tion of the species on the Great Plains. It is 
possible, as a result, to indicate the present 
status of fox squirrels in this fringe of their 
range, and to predict the future trend of the 
population. 

The data obtained were analyzed on the 
basis of kill per trip and per acre. The sex 
and age (adults and young of year) of all 
animals taken are known, but the numbers 
of hours hunted were not recorded. Foods, 
the relationship of populations to main food 
sources, and. factors affecting the habitat 


* The Colorado Game and Fish Department, the 
Colorado State University, the Bureau of Sport 
Fisheries and Wildlife, U.S. Fish and Wildlife 
Service, Department of the Interior, and the Wild- 
life Management Institute, Washington, D.C., co- 
operating. Appreciation is expressed to Vincent H. 
Reid and Donald R. Dietz, Bureau of Sport Fish- 
eries and Wildlife, U.S. Fish and Wildlife Service, 
and to Elmer E. Remmenga and Harold W. Stein- 
hoff, Colorado State University, for suggestions 
leading to improvement of the manuscript. 


were determined, permitting a general eval. 
uation of the status of fox squirrels on this 
segment of their range. 

The season of hunting was from mid- 
September until late in December, with 
most effort occurring during the last half 
of this period. A deliberate attempt was 
made to leave breeding stock on all areas. 
and since the writer did an estimated 8) 
per cent of all hunting that occurred, he is 
certain that no area was seriously over- 
hunted in any year. Wounding loss was 
very low; during the 10-year period, only 
seven animals are known to have escaped 
after being shot. Hunts were short, never 
over a half-day, and usually only 2 or 3 
hours in the afternoon. The method of hunt- 
ing was predominantly “sit and wait” or 
slow stalking. 


HABITAT 


The habitats of the fox squirrel popula- 
tion in north-central and eastern Colorado, 
together with distribution, have been de- 
scribed by Hoover and Yeager (1953). 
Briefly, inhabited range here consists of 
stream bottoms, ditchbanks, and fence rows 
grown or planted to cottonwood (mostly 
Populus sargentii), and bordered by grain 
fields, primarily corn and wheat. The trees 
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TaBLE 1.—Foops or 147 Fox SguirrEts in NorTH-CENTRAL CoLorapo, FALL, 1948-57" 

















Food “oa (Per! Gent) (Por Cent) 

Com (yellow ) 112 76 56 
Wheat (mostly residue ) 36 24 _ 12 
Barley (mostly residue ) 14 10 3 

Grains 122° 83* yf 
Buds and bark (mostly cottonwood ) 26 19 15 
Fruits, berries 11 7 2 
Beans (mostly pinto ) 9 6 1 
Cucumbers, other curcubits 9 6 Ff 
Sugar beet (pulp ) 7 5 1 
Apple (mostly seeds ) 4 3 tf. 
Potato (pulp ) 3 2 tr. 
Miscellaneous, unidentified 38 26 9 
Empty 17 12 — 

Total — — 100 





1 Sample included animals for each year of the 10-year period. 


2 Estimated. 
3Of squirrels eating grain, 40 had taken two kinds. 


are large, most individuals being mature or 
overmature. Bottomlands are normally 
grazed, and sometimes burned, occasionally 
to the point of killing an appreciable pro- 
portion of the trees. Cottonwood repro- 
duction, due to grazing and burning, is very 
sparse and, for the same reasons, ground 
cover in the form of shrubs and weeds is 
lacking on most bottomland areas. 

Although cavities are plentiful in the 
older cottonwood stands, leaf nests are com- 
monly built. Some leaf nests, certainly, are 
used during winter, and two such nests con- 
sisted partly of grass and moss interwoven 
into the leaf roll. With excellent cavity dens 
generally available, it appears that low tem- 
peratures exert no particularly adverse ef- 
fects on fox squirrels in this region. Very 
cold weather induces inactivity characteris- 
tic of the species. Temperatures ranging 
from —5° to -41°F. during the first week of 
February 1951 apparently resulted in no, 
or very little, mortality. 

Although inhabiting the very fringe of its 
westernmost Great Plains range, fox squir- 
rels in north-central Colorado are not neces- 
sarily marginal in habitat affiliation. In- 
deed, squirrels inhabiting some bottomland 
stretches of the Cache la Poudre or the 
South Platte rivers, with an abundance of 
overmature, cavity-containing cottonwoods 
and willows (Salix spp.) and bordering 


cornfields, are presently well situated, ex- 
cept for vulnerability to hunting due to the 
severely restricted nature of the habitat. 


Foop 


A general study of fox squirrel foods, 
mainly by stomach examination, disclosed 
the paramount importance of grains, pri- 
marily corn and wheat. Barley was eaten 
freely where grown in proximity to timber- 
land. Other than grains, cottonwood buds 
were most important; beet pulp, beans, such 
fruits and berries as were available, and 
cucumbers or other curcubits were secon- 
dary foods (Table 1). With the total ab- 
sence of nut trees (except occasional black 
walnuts, Juglans nigra, near homesteads ), 
squirrel populations may face pronounced 
food shortage during years of beet or pasture 
rotation. Shifting from one food area to 
another was observed during the late sum- 
mer and fall. 

In that most of the squirrels making up 
this sample were shot in the afternoon, full 
or partly full stomachs were the rule. Only 
17 of the 147 stomachs examined could be 
classified as empty. Distended stomachs of 
mature squirrels may contain 70 cc. of food 
at one time, although the quantity is gener- 
ally much less. 

Verified cases of squirrels eating cockle- 
burs (Xanthium spp.) were obtained. The 
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first occurred about midmorning on Febru- 
ary 10, 1951, when about 12 inches of 
loose snow covered the ground and two 
animals were flushed in a cocklebur patch 
in the Cache la Poudre bottoms near Wind- 
sor, Colorado. Examination showed numer- 
ous freshly shelled hulls and, of course, 
tracks; later observations on this date dis- 
closed actual feeding on cockleburs. Harold 
M. Swope of the Colorado Game and Fish 
Departinent has numerous records, all dur- 
ing winter months, of fox squirrels feeding 
on cockleburs near Crook, Colorado (Swope, 
pers. comm.). Use of this food may point to 
shortage, or unavailability, of grain during 
periods of heavy snow. 

The foods utilized during the late winter, 
spring, and summer were not studied quan- 
titatively, although stomach volume in 147 
squirrels was estimated at the time of skin- 
ning and evisceration. Based on this evi- 
dence and numerous observations, grain 
residues, buds, catkins, and elm (Ulmus 
spp.) and maple (Acer spp.) seeds (in 
towns) are the stand-bys until about mid- 
June when early fruits and berries become 
available. The abundance of fruits, plus 
unripened grain, insures against food con- 
tingencies during the summer season. 

Since fox squirrels in Colorado are limited 
to wooded bottoms and irrigation ditches, 
water during the spring and summer is sel- 
dom a problem. However, when irrigation 
ceases, usually in September, and ditches 
dry up, squirrels situated at some distance 
from live streams may suffer for lack of 
water if succulent foods are not available. 
The frequency with which fox squirrels are 
drowned in stock-watering tanks empha- 
sizes this possibility. All range along the 
main streams in north-central and eastern 
Colorado is amply watered. 


POPULATION COMPOSITION AND YIELD 


Hunting served the function of systematic 
collection in this study during the fall 
months of each year. The number of trips 
varied from 8 to 13 per year. Of the total 
of 332 squirrels, 302 were shot with .22 rifles; 
the remainder were taken with shot guns, 
mostly by others, while afield for other 
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TABLE 2.—Fox SQuIRRELS KILLED ON Five ARgAs 
IN NORTH-CENTRAL CoLorapo, 1948-57 














Number No. of Ave. No. 

Year Killed Trips quirrel 

per Trip 
1948 26 8 33 
1949 32 9 38 
1950 30 10 3.0 
1951 34 11 31 
1952 36 10 36 
1953 48 10 48 
1954 39 11 35 
1955 29 ll 26 
1956 30 12 95 
1957 28 13 91 
Totals 332 105 39 





game. Since the great bulk were killed jy 
direct squirrel-hunting effort, and since the 
same areas (with minor exceptions) were 
hunted during the same month each year, 
it would seem that normal selectivity as to 
sex and age would hold for the animals 
bagged (Table 2). 

The sample discussed here is, of course, 
too small to permit conclusions as to sex or 
age ratios, or to give more than a general 
indication of the population trend. The sex 
ratio, based on 175 males and 157 females 
(111:100; males 53 + 5.4 per cent at 95 per 
cent confidence interval, Snedecor, 1956:4), 
was from animals taken mainly from Oc- 
tober through December. In another Colo- 
rado sample of 128 fox squirrels (Hoover 
and Yeager, op. cit.:363), the sex ratio was 
70 males and 58 females (121:100; males 
55 + 8.6 per cent); but these specimens 
were taken from midsummer to late winter. 
In 2,749 fox squirrels shot by hunters in Illi- 
nois (Brown and Yeager, 1945:458), males 
constituted 59 + 1.6 per cent (146:100); 
here, hunting began on July 15, while lacta- 
ting females were likely confined part of the 
time to dens or nests. Baumgartner (1938: 
688) noted a sex ratio of 124:100 (males 
56 + 3.1 per cent) in 954 Ohio fox squirrels 
shot by hunters during the open season of 
1937 (September 25 to October 10). In 
Kansas, fox squirrels reported by hunters in 
1953 and 1954 totaled 2,097 males and 1,420 
females, giving a sex ratio in the kill of 
148:100 (males 59 + 1.6 per cent) (Pack- 
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ard, 1956:19). The season during these two 
vears began on June 15. 

“It seems clear that the later hunting oc- 
curs in the year, the nearer a 50:50 sex ratio 
; obtained in the kill. For example, Uhlig 
(1956:31 ), working with gray squirrels in 
West Virginia, reported a sex ratio of ap- 
proximately 48:52 (94:100; males 48 + 0.7 
per cent) in 17,535 animals shot by hunters, 
1949-54, in seasons beginning not earlier 
than October 1. In the present instance, for 
fox squirrels shot in November and Decem- 
ber, 119 males and 117 females, the sex 
ratio was 102:100 (males 50 + 6.4 per cent). 
At this time of the year, all (or nearly all) 
individuals in the population are of postnest 
age and in nonlactating condition, permit- 
ting normal and unrestricted activity in both 
sexes and all ages. 

On basis of the trends indicated in Table 
2 the year 1953 saw the peak fox squirrel 
population observed up to this time along 
the river bottoms and ditchbanks under 
study; since then, the general trend has 
been steadily downward, attributable to 
habitat deterioration, abetted by severe 
drought conditions from 1954 to 1957. 
River-bottom areas not so affected have con- 
tinued to show pre-1953 density levels. 

In the total kill of 332 squirrels, young of 
the year outnumbered adults 184 to 148 
(young 55 + 5.3 per cent), for an age ratio 
of 111 young:100 adults. This ratio is prob- 
ably biased by the hunting method used, 
wherein many old squirrels were “waited 
out,” accounting, in part, for the large num- 
ber of adults in the sample. 

It is possible to calculate roughly the area 
of cottonwood timber actually hunted and, 
in turn, the average kill per acre. The main 
hunting areas consisted of 3.5 miles of bot- 
toms averaging about a chain in width, 
giving a total area of about 60 acres, some of 
which held only scant tree cover. Since the 
recorded average annual kill was about 33 
squirrels, and that of all other hunters was 
an estimated additional 20 per cent of this, 
or about 8 squirrels, the indicated yield of 
0.68 squirrel per acre compares favorably 
with yields elsewhere. D. L. Allen (1943: 
66) mentioned a harvest of 0.48 squirrel per 
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acre in 1939 in oak-hickory in Michigan; 
and J. M. Allen (1952:101) reported a state- 
wide kill in 1942 of 0.50 squirrel per acre 
in woodlots on 110 Indiana farms. Presum- 
ably, fox squirrels were primarily involved 
in the latter instance. 

In comparisons involving Colorado habi- 
tat, it should be recognized that the range 
actually used by squirrels here was greater 
than the timbered areas for, as stated, the 
bulk of the food came from agricultural 
land. Use of nonforested land is, obviously, 
greater in proportion when wooded tracts 
consist only of ribbons of trees rather than 
the block pattern characteristic of woodlots 
or other fox squirrel range in the Midwest 
and South. 

Litter size in Colorado fox squirrels, 
which occur in close proximity to grain 
fields, approximated those recorded in 
studies on black-prairie farmland in Illinois 
where food conditions are similar. In nine 
sets of embryos from Colorado animals, the 
average litter was 3.66 (Hoover and Yeager, 
op. cit.:363); in 75 sets from Illinois, the 
average was 3.40 (Brown and Yeager, op. 
cit.:489). Hoover (op. cit.:448) recorded 
the occurrence of 7 well-developed fetuses 
in one Colorado female. On other habitat 
types, D. L. Allen (op. cit.:110) reported 
an average of 3.02 embryos in 170 litters 
from mixed farm-woodlot range in Michi- 
gan, 1937-42. Working in Kansas in 1954 
and 1955, Packard (op. cit.:55) found an 
average of 2.8 young in 14 litters, the habitat 
type in this case being mainly mixed hard- 
woods, partly on bottomlands. 


MANAGEMENT 


Recognizing the extreme scarcity of fox 
squirrel habitat in Colorado, the Game and 
Fish Department strategically avoids men- 
tion of this species in hunting regulations. 
As worded, the omission gives fox squirrels 
unprotected status at all times. The pre- 
vailing opinion among hunters is that, since 
they are not listed among game species, fox 
squirrels are protected the year around! A 
circumstance favoring this stratagem is the 
lack of interest in fox squirrel hunting. The 
over-all result is almost certainly more pro- 
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tection than would result if fox squirrels 
were listed as a game species with a given 
open season. In the event of need, a special 
statute permits the Game and Fish Commis- 
sion of Colorado to declare seasons open or 
closed for any species on 48 hours’ notice. 

In the way of positive management, fox 
squirrels face a highly unpromising future 
in this westernmost fringe of their range. As 
stated above, the only natural habitat con- 
sists of cottonwood bottomlands along east- 
ern Colorado streams, extended, earlier in 
the century, by extensive planting of cotton- 
woods along roads and ditches and in towns. 
These trees, now mature to overmature, are 
not being replaced; and they, along with 
bottomland woods, are being cleared to 
prevent their use of water and to provide 
land for agricultural crops. Livestock graz- 
ing prevents the development of cottonwood 
reproduction on almost all naturally wooded 
tracts. Numerous cottonwood trees died 
during the drought of 1955-56. 

The trend, in both area and habitat qual- 
ity, is unmistakably down. On the five tracts 
primarily involved in this study during the 
10-year period, clearing has reduced the 
wooded area by an estimated 15 per cent, 
fire by 5 per cent, and natural death of trees 
by 1 or 2 per cent. Progressive deterioration 
of the present cottonwood stands indicates 
the probable passage of the fox squirrel 
range, or a very large part of it, in north- 
central Colorado during the next two or 
three decades. This is particularly true on 
and adjacent to farmed land, where the 
presence of water-using vegetation of a non- 
crop nature is regarded as inimical to agri- 
cultural interests. 

Thus, the one essential to fox squirrel sur- 
vival on its north-central and eastern Colo- 
rado range—trees—is being destroyed, par- 
ticularly on irrigated land and in towns. The 
squirrels, inevitably, will go with the cotton- 
woods. The one positive measure that would 
prolong the life of the cottonwood type is 
the elimination, or reduction, of grazing, 
burning, and clearing. Food, water, and 
den cover along these river-bottom stretches 
offer no problem to squirrel management. 





SUMMARY 


Fox squirrels were hunted systematically 
on about 60 acres in five tracts in nox}, 
central Colorado from 1948 to 1957, wher 
332 animals, 175 males and 157 females 
were collected. The highest average kill 
per hunt, 4.8 squirrels, was in 1953, judged 
to be the peak population during the 1p. 
year period. This average declined to 2] 
by 1958, mainly due to habitat deterioration, 
In the kill, juvenile squirrels outnumbered 
adults 184 to 148. The kill averaged 068 
squirrel per acre per year. 

Habitat, restricted to wooded stream bot. 
toms and ditchbanks and fence rows planted 
to cottonwoods, is being reduced both in 
area and quality because of clearing, bun. 
ing, and natural death of overmature trees. 
During the decade of 1948-57, there was a 
reduction in the habitable range of about 
20 per cent. At the present rate of loss, it js 
estimated that the fox squirrel range in 
north-central Colorado will be reduced to 
uninhabitable status for this species in two 
or three decades. 

Fox squirrel foods in this region consist 
mainly of grains, predominantly corn and 
wheat, and cottonwood buds and bark, 
Squirrels occupying bottomland _ tracts 
grown to cottonwoods and adjoining agri- 
cultural lands are favorably situated, as indi- 
cated by litter sizes and a sustained yield 
comparable to the better midwestern ranges. 
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ANIMAL STUDIES! 


Cobert D. LeMunyan, William White, Ernest Nyberg, and John J. Christian 


US. Naval Medical Research Institute, Bethesda, Md. (LeMunyan); Naval Research Laboratory, 

Washington, D.C. (White and Nyberg); and U.S. Naval Medical Research Institute, Bethesda, Md., 

and Division of Vertebrate Ecology, The Johns Hopkins School of Hygiene and Public Health, 
Baltimore, Md. (Christian ) 


The recapture of tagged animals for collection of 
reliable data is a primary problem that faces the 
investigator studying free-roaming populations of 
wild animals. It would be of great advantage not 
only to locate the animal but to have an available 
method for observing physiological changes that 
occur in the animals in their natural habitat. Our 
problem became evident in 1956-57 during a study 
of woodchucks (Marmota monax) occupying an 
area of approximately 400 acres in which the ani- 
mals were live-trapped, tagged, and released. Re- 
locating these animals for observation, especially in 
their burrows, was extremely difficult and fre- 
quently required a considerable amount of digging, 
only to discover that the burrow was empty. There- 
fore, we decided that a small radio transmitter in- 
stalled within the animal’s body would serve as an 
ideal locator. 

Late in 1953 Barr (1954), working on the 
physiological effects of jet aircraft on pilots, found 
that information could be telemetered from the 
pilot back to the laboratory and recorded there on 
various devices. Transducers were used through 
which the information from the pilot and his equip- 
ment was converted into electrical energy suitable 
for radio transmission by ultrahigh frequency- 
modulated transmitters. Although these units were 
extremely small, their size and weight made it im- 
possible in our study to incorporate them within 
an animal body. Mackay and Jacobson (1957) 
developed what they termed the endoradiosonde, 
an extremely small transmitter, which could be 
swallowed and tracked through the body. The 
radio frequency transmits information about pres- 
sure practically independent of temperature, while 
the rate of pulsation varies with temperature 
changes. The same investigators suggested that, 

1The opinions or assertions contained herein are the pri- 
vate ones of the writers and are not to be construed as of- 
ficial or reflecting the views of the Navy Department or the 
naval service at large. 


since the battery survived for a period of 2 weeks, 
in vivo animal experiments might be possible. 

With this information, we undertook the develop- 
ment of a transmitter that could be used in locating 
released animals, whether they were above or below 
the ground. 


METHODS 


The following factors had to be taken into con- 
sideration before actual construction of the trans- 
mitter could begin: 


a) Size—small as possible; 

b) Weight—light as possible; 

c) Shape—capable of being easily introduced 
into the peritoneal cavity of the animal and an- 
chored with sutures; 

d) Frequency—clear of local interference, capa- 
ble of a 50-yard range, low enough to obviate 
necessity of doubler or tripler circuits; 

e) Power supply—light and compact as possible 
with minimum life of 6 months; 

f) Antenna—no larger than body of transmitting 
device. 


The original model was designed using one 
2N 137 transistor with a tuned circuit in the oscillator 
portion and, although this was a very inexpensive 
and simplified method, the following disadvantages 
were revealed. The pulsing oscillator, designed to 
conserve the power of the mercury batteries, shifted 
frequency and swept through the band pass of the 
receiver so rapidly that only a click was discernible. 
Although power was conserved, the receiver was 
too sharp to make this method usable. 

The 3-inch loopstick transmitting antenna wound 
on a ferrite rod proved so successful that it was 
incorporated in the plans for future models. 

In the present model, crystal control (0.19-0.55 
megacycle range) was substituted for the tuned 
circuit, and a blocking circuit was designed into 
the transmitter which would provide pulsation. This 
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was a decided advantage, since the crystal stabilized 
the frequency and sharpened it to a point where it 
was detectable with the receiver. However, another 
problem arose. The use of crystal control resulted 
in loss of range due to the fact that the oscillator 
would not pull enough current for suitable output. 
Since we are dealing with induced current rather 
than radiation in this case, the range drops off by 
the fourth power. Therefore, the source power must 
be increased if the transmitter is to have appreciable 
range with enough usable energy at the receiver site. 
To overcome this problem, another radio frequency 
stage in the form of a second 2N137 transistor was 
added to operate as a class C amplifier. This proved 
to be satisfactory by producing enough energy at 
the receiver to make this design usable (Fig. 1). 

All of the components used in the transmitter 
were miniaturized with the exception of the half- 
watt resistors. These components were mounted in 
such a way that they formed their own framework 
around the two mercury batteries. The model was 
then potted in Eccofoam® foaming polystyrene of 
10 Ib./cu.ft. density which provided the necessary 
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Schematic of transmitter. 


structural qualities to stabilize the parts and to pro- 
tect them from vibration and shock. After the 
Eccofoam had hardened sufficiently, wire loops 
were installed which could be used for suturing the 
unit in place in the animal. The entire unit was 
then dip-coated in Castiplast No. 11,° an epoxy 
resin. This formed a satisfactory seal for installation 
in the animal body. 

Before using the Castiplast No. 11, buttons of 
this material were introduced into the bodies of 
16 different animals. These remained in the body 
for periods of 7 to 10 days, were removed, and 
the surrounding tissue was examined for possible 
irritation. No adverse effects were noted in any of 
the experimental animals. Other samples of the 
material were subjected to several sterilizing agents 





2 Eccofoam: Manufactured by Emerson and Coming, 
Inc., Engineers and Manufacturers, 869 Washington Street, 
Canton, Massachusetts. 

3 Castiplast: Manufactured by National Engineering 


Products, Incorporated, 435 Washington Building, Wash- 
ington 5, D.C. 
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Fic. 2. Complete “potted” transmitter. 


to determine whether they would affect the resin. 
This resulted in the use of benzylkonium chloride 
solution. However, it should be noted that, if the 
epoxy resin is left in contact with this material for 
prolonged periods of time, the chloride in the solu- 
tion will attack the material and result in erosion 
and pitting. The complete transmitter and power 
supply after coating weighs 122.5 grams and has 
avolume of 7.5 cm. X 4.0 cm. xX 1.4 cm. (Fig. 2). 

The receivers that were chosen to complete this 
unit were Army Surplus BC 453 Command Re- 
ceivers with a tunable frequency range of 0.19 to 
0.55 megacycles. They were modified to enable 
the beat frequency oscillator and gain control to 
be operated from the front of the case. One re- 
ceiver was equipped with a 117-volt A.C. power 
supply for use in the laboratory. Two others were 
converted to mobile units for field detection. In the 
laboratory model a ferrite-loopstick antenna was 
coupled to the recéiver, using coaxial (RG-59U ) 
cable. 

Upon completion, the transmitter was first tested 
in various locations within the laboratory. As a 
check on ground attenuation, the unit was next 
buried in the earth behind the building at a depth 
of 3 feet. Following this, a unit was inserted in a 
dead animal, and the body closed to simulate field 
conditions. 

In the field test, three animals were used. The 
woodchucks were live-trapped and brought into 
the laboratory. Here, using standard surgical tech- 
niques and intraperitoneal nembutal anesthesia, we 
tested three different methods of inserting the trans- 
mitting units in the animal body. The first unit 
installed was inserted through a 3-inch transverse 
rectus incision into the peritoneal cavity and al- 
lowed to float free. The second was introduced 
through a 3-inch midline incision and placed in the 
peritoneal cavity. The third method utilized was 
through a midline incision with subsequent sepa- 


ration of the subcutaneous layers so that the trans- 
mitter was inserted subcutaneously and sutured in 
place on the left side of midline. 

Following surgery, the animals were placed in 
isolation cages for a period of 1 month to permit 
the incisions to heal. Observation of each animal 
was made daily by qualified personnel to control 
infection or sloughing if either should occur. 


RESULTS 


The results of the test were satisfactory for our 
purpose. At the chosen frequency, attenuation by 
the body was minimal, and the above-ground range, 
in most cases, appeared to be approximately 25 
yards. Below ground, the range dropped off to 
approximately 18 yards. Since our test area is 
gridded by roads every 50 yards, we anticipate no 
difficulty in locating the animals. 

During the period the animals were held in iso- 
lation in the laboratory, we found that the subcu- 
taneously inserted transmitter broke through and 
was protruding through the outer skin with ap- 
proximately 1/10th of the unit exposed. The other 
two units, which were inserted into the peritoneal 
cavity, are still functioning. 

Three other units that were built previous to this 
time were permitted to operate continuously in the 
laboratory for various testing purposes and to de- 
termine the life of the batteries. The batteries 
lasted an average of 161 days. We noted that, 
while signal strength remained essentially un- 
changed, the pulsations became slower than usual 
during the last 14 to 18 days of battery life. 


INDICATIONS FOR FURTHER DEVELOPMENT 


Although the transmitter has proved useful for 
our purposes, it should be noted that the unit has 
several disadvantages for application to some types 
of animal studies: 
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a) The cost of the unit, approximately 25 dollars 
excluding labor, makes recovery almost imperative; 

b) The size of the unit prohibits use in any 
animal smaller than a woodchuck; 

c) The effective range of 18 to 25 yards may be 
insufficient where study locations are inaccessible 
by car, unless self-contained portable receivers are 


used. 


We realize that this device, as discussed, is still 
in the early stages of development. Many refine- 
ments are possible and should be made in order to 
make the unit a more valuable piece of investigative 
equipment. At the present time we are testing 
several units with slight variation of design to de- 
termine ways of making it more useful. 

Experience with this transmitting unit indicated 
that it might be possible, through modification, to 
use this not only as a locating device but also as an 
indicator of the physiological activity of the animal. 
Transmission of temperature variation is not con- 
sidered an insurmountable problem, and plans are 
now under way to incorporate the necessary modi- 
fications using thermistors. It would seem that pos- 
sibilities also exist for transmitting information on 
blood pressure, respiration, and EKG. 

Experimental work is also under way to produce 


a different type of case for the transmitting uni 
While the Eccofoam potting subsequently Coated 
with epoxy resin has proved to be most satisfactory 
it is impossible to recover the components of the 
transmitter once the batteries have become do. 
pleted. The use of polyethylene cartridges that ma 
be sealed is being contemplated; the possibility als 
exists of separating the transmitting device from its 
power supply so that the batteries may be renewed, 


SUMMARY 


A small transistor transmitter that could be ip. 
stalled in or on a burrowing animal was constructed 
as a crystal-controlled oscillator with a pulsing cir. 
cuit followed by a class C amplifier, the 122.5-gram 
transmitter being capable of revealing the location 
of a woodchuck to a mobile monitor at a distance of 
approximately 25 yards. 
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SHARP-TAILED GROUSE PREDATION BY GOSHAWK 


G. A. Ammann 


Michigan Department of Conservation, Lansing 13, Michigan 


At 6:00 o'clock in the morning of April 23, 1958, 
while censusing sharp-tailed grouse (Pedioecetes 
phasianellus ) in the Seney National Wildlife Refuge 
near Seney, Michigan, I observed an adult goshawk 
( Accipiter gentilis ) perched on and eating a freshly 
killed male sharptail. I discovered the hawk while 
scanning a dancing ground with my binoculars at 
a distance of about 150 yards. I then crawled 15 
or 20 yards closer to a better vantage point, on a 
small knoll, evidently without being detected by 
the hawk. The timing of events was roughly as 
follows: 


6:00-6:29 a.m.: When I first discovered the hawk, 
no sharptails were visible on or near the dancing 
ground. Normally the cocks should have been very 
actively displaying, since both the date and the 
time of day were close to the expected peak of 
courtship activity. Shortly after 6:00, some sharp- 
tails flew onto the dancing ground and into nearby 
trees, and I assumed that they had been flushed 
from the dancing ground by the hawk probably not 
more than 10 or 15 minutes earlier. By 6:15, at 


least 19 sharptail cocks, and what appeared to be 
two or three hens, had arrived on the ground. The 
cocks were actively displaying, two of them not 


more than 15 yards from the hawk, which was 
still busily feeding on the carcass, seemingly ob- 
livious of the sharptails. 

6:30-6:39 a.M.: The hawk stopped feeding, sat 
still for a minute or so, then tried to fly with the 
carcass in its talons, but succeeded only in dragging 
it 2 to 3 feet. The flapping of the hawk’s wings 
seemed to alarm the sharptails, and several of them 
flew into nearby trees; others remained on the 
ground but stopped displaying. After sitting still 
for several minutes, the hawk made another attempt 
to lift the carcass with no more success than before. 
6:40 a.m.: After several desultory pecks at the 
carcass, the hawk flew low (6 to 8 feet above the 
ground) into a grove of red pines (Pinus resinosa) 
not far to my right, and apparently alighted. As 
the hawk passed by me, about 50 yards away, I 
noted a distinct bulge in the lower neck area. I then 
walked to the dancing ground, flushing the sharp- 
tails. A few minutes later, as I took photographs on 
the dancing ground, 15 of the birds flew back 
toward me, as if they wanted to alight and resume 
dancing activities. 

6:55 a.M.: I walked into the pine grove and flushed 
the hawk from a low branch. 
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| judged that the hawk had attacked and killed 
the cock on the dancing ground, either before or 
very shortly after the bird had flushed. Flattened 
vegetation and droppings indicated that some of 
the sharptails had regularly danced within just a 
few feet of the spot where the carcass lay. The 
head of the bird had been severed from the neck 
at the base of the skull, and most of the meat had 
heen removed from the neck and about half of the 
breast. Breast and neck feathers were scattered 
all about. 

Examination of the carcass at the laboratory of 
the Cusino Wildlife Experiment Station revealed 
that the specimen was very likely an adult male 
(over a year old); the testes were enlarged (left: 


20 x 13 mm; right: 15 x* 13 mm.). After re- 
moving the skin, I noted bruises, presumably made 
by the hawk’s claws, in only a few places—several 
deep ones in the pelvic area and a few small punc- 
tures around the center of the back. 

The sharptail carcass, including the head, weighed 
25 ounces. Thirteen adult male sharptails weighed 
by Peterle (Tony J. Peterle, 1954. The sharp-tailed 
grouse in the Upper Peninsula of Michigan. Univ. 
of Mich., unpubl. Ph.D. thesis. 260 pp.) in spring 
varied between 30 and 34 ounces and averaged 32 
ounces, so it seemed likely that the goshawk had 
eaten about 7 ounces of flesh during one sitting of 
at least a half-hour’s duration. 

Received for publication August 27, 1958. 


SEXING LIVE-TRAPPED JUVENILE RUFFED GROUSE! 


Walter L. Palmer 


Houghton Lake Wildlife Experiment Station, Michigan Department of Conservation, 
Houghton Lake Heights, Michigan 


Bump, et al. (1947) list a number of criteria use- 
ful in determining the sex of adult ruffed grouse 
(Bonasa umbellus). External characteristics, such 
as body size and proportions, tail length and com- 
pleteness of the terminal band, size of ruff, body 
feather color patterns, and the color of the bare skin 
on the upper eyelid, here called eye-patch, all help 
to indicate the sex of fully feathered birds. 

Live-trapping techniques developed by Liscin- 
sky and Bailey (1955) and modified by Dorney and 
Mattison (1956) make it possible to handle a large 
number of birds prior to the hunting season and as 
early as mid-August. Obviously, sex characteristics 
of 8- to 13-week-old birds are less discernible than 
those of adults. We need to determine sex, never- 
theless, in juveniles as well as adults, and with the 
same degree of accuracy. This paper explains the 
techniques now used by Michigan biologists, with 
emphasis placed on eye-patch examination. 

The Eye-patch technique—Bump, et al. (op. 
cit.), discussing sexual differences on p.44, say 
“... finally, among males, the bare spot over the 
upper eyelid is more pronounced and may be a 
bright reddish-orange, especially in the breeding 
season. It is much duller in the female, often with 
hardly a trace of color.” 

It became apparent to me some time ago that this 
sexual difference was consistent enough to be quite 
useful in the field. Regrettably, I maintained no 
records before 1955 simply because no practical ap- 
plication had seemed apparent. We already had a 
practical means of gathering extensive sex data by 
collecting grouse-tail samples from hunters. An 

1A contribution from Pittman-Robertson Project, Michi- 
gan 95-R. 


application for the method arose, however, when I 
began live-trapping in 1955. Since that time we 
have made a rather thorough test of the use and ac- 
curacy of this technique. 

In most specimens the degree of pigmentation of 
the eye-patch readily falls in one of three catego- 
ries: vivid pigmentation, a bright reddish-orange; 
moderate pigmentation, a much duller subdued 
orange; or no color. Typical hens possess no pig- 
mentation or a very slight amount, whereas typical 
juvenile and adult males possess moderate to vivid 
pigmentation. Most difficulties arise in classifying 
specimens intermediate between moderate and no 
color. In field work, fortunately, the presence of 
other sex criteria, listed under “Miscellaneous Sex 
Characters” in this paper, usually help to identify 
difficult specimens. 

A small number of chicks collected at various 
ages leads me to believe that coloration becomes 
discernible at about 8 weeks and is usually well 
developed at 9. 

Since 1955, we have live-trapped and released 
in late summer 257 grouse, 209 of them juveniles. 
Subsequently we recovered 35 of these birds, either 
at hunter checking stations or by recapture at drum- 
ming logs. Internal examinations were made on 
dead birds whereas those trapped on logs were un- 
doubtedly males. Seven of the 35 recoveries were 
adults when trapped. All sex determinations agreed 
with those made at trapping time. However, I 
should point out that the final sex classification be- 
fore release was based on several sex characteristics, 
especially with September-trapped birds, and not 
on eye-patch pigmentation alone. 

In addition to recovered birds, we correlated in- 
ternal sex determination with eye-patch pigmenta- 
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TABLE 1.—CRrITERIA FOR SEXING JUVENILE RUFFED GROUSE 








Age 


Characters 





8-10 weeks s 


Eye-patch color most valuable characteristic. 


2. Peeping or crying when handled appears to be more characteristic of females 
than males. Feather development tends to lag in females, compared to 
males in the same brood. - 


10-12 weeks lk. 
5) 

identifying females. 
12-14 weeks i 
9 


Eye-patch color most usable tool; presence or lack of ruff is quite useful, 
Peeping, small size, and general tardiness of feather development helpful in 


Eye-patch color remains the primary characteristic. 
Practically speaking, most birds this age have completely attained Dost. 


juvenal plumage, although slight changes in feather development continue 
“Adult” characteristics such as tail lengths, tail pattern and size of reff 


facilitate sexing. 





tion alone when autopsying those juveniles that had 
died in traps or were collected. One of seven such 
birds was incorrectly sexed, a juvenile male with 
only a slight amount of pigmentation. 

During hunting seasons (Oct. 1—Nov. 10) we 
have sexed 147 birds, purposely using only the eye- 
patch, but later examining them internally. Of the 
128 juveniles, 5 were incorrectly sexed, whereas 3 
of the 19 adults were wrongly sexed. In this sample 
we had approximately a 4 per cent error with juv- 
eniles and about a 16 per cent error with adults. 
Most errors arose among hens that possessed some 
pigmentation. 

Because final sex determination of trapped birds 
is based on all known sex criteria, it is difficult to 
evaluate the importance of using the eye-patch. As 
shown in Table 1, we lean heavily on color of the 
eye-patch throughout the trapping period and es- 
pecially when 8- to 10-week-old birds are handled. 
I feel that it would not be possible to sex some 
birds without using it. Admittedly, many more 
birds 8- to 10-weeks of age should be sexed in- 
ternally. 

The use of this color technique is, of course, sub- 
jective, and some practice is necessary before deft- 
ness is possible. The following experiment illus- 
trates how rapidly one can learn the technique. We 
first showed a group of 11 game and fish biologists 
and stenographers four color slides showing typical 
coloration encountered and pointed out sexual dif- 
ferences. When the group was then tested with 14 
different slides, 144 of the possible 154 answers 
were correct. The 6 per cent error in this case is 
comparable to that encountered by us, using live 
birds. 

Miscellaneous sex characters—Other external 
sexual characters are, of course, useful in the 
field. These include abundance of ruff, body size, 
tail length and pattern, and other plumage char- 
acters, and behavior. We have noted some tend- 


ency for juvenile females to “cry” or “peep” more 
often than juvenile males when handled. Moreover, 
in the trap, males usually continue to resist capture 
longer and are more difficult to handle than fe- 


males. When we capture an entire brood, it is often 
helpful to note ditferences in individuals, Als 
primary and tail growth in juvenile males is slightly 
more advanced than in their sisters. 

Although we can place little significance on any 
one of these characteristics alone, the aggregate 
usually enables us to attain a very high level of ac. 
curacy. Actually, an experienced biologist familiar 
with grouse has little difficulty in sexing birds after 
they reach the age of 13 or 14 weeks, because the 
number of usable characteristics increases with age, 
Most difficulty arises from mid-August to Septem. 
ber. Table 1 illustrates how color of the eye-patch 
enables us to determine sex of young birds as much 
as 4 weeks earlier than heretofore. 


SUMMARY 


Sexual differences of mature ruffed grouse are 
numerous. One can usually sex live specimens cor- 
rectly in the field with little difficulty. Since live- 
trapping of juveniles is now possible during late 
summer, we need a method of accurately sexing 
these birds. The eye-patch technique is a subjective 
evaluation of the amount of orange-red pigmenta- 
tion on the upper eyelid, usable on both mature and 
immature grouse. The method has been 95 per 
cent accurate with juveniles, less so with adults. In 
combination with other external sex characteristics, 
the eye-patch technique is very useful in field- 
sexing live-trapped birds. 
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WATERFOWL SICKNESS DIAGNOSES IN MINNESOTA, NORTH DAKOTA, 
AND MANITOBA! 


Eugene F. Bossenmaier? 


U.S. Fish and Wildlife Service, Minneapolis, Minnesota 


This paper reports the results of an attempt to 
determine whether botulinus toxin or some other 
factor Was responsible for avian sickness on water 
bodies in Minnesota, North and South Dakota, and 
at Whitewater Lake, Boissevain, Manitoba, in the 
summer of 1953. 

A previous report on duck sickness at White- 
water Lake (Bossenmaier, et al., 1954) reviewed 
the possible causative agents in that area in 1950 
and 1951. Algal poisoning was the sole substitute 
explanation advanced that could not be rejected 
after thoughtful consideration of the problem. 
Blooms of blue-green algae (Cyanophyta), com- 
posed of species known to be toxic to many animals, 
were present in the portion of Whitewater Lake 
where most affected waterfowl were recorded in 
the late summer of 1950 and 1951 when avian 
sickness was at its height. Fresh and frozen samples 
of this algae exhibited a high toxicity when injected 
intraperitoneally into mice. In addition to these 
findings, toxin-producing species of blue-green 
algae were identified (by T. A. Olson’s staff at the 
School of Public Health, University of Minnesota ) 
on Sand Lake National Wildlife Refuge, Columbia, 
South Dakota, during an outbreak of sickness in 
the summer of 1952. Furthermore, similar species 
were found during a period of waterfowl losses in 
the same summer on Mud Lake National Wildlife 
Refuge, Holt, Minnesota, by R. Evans of the Uni- 
versity of Minnesota Biological Station at Itasca 
State Park (letters on file in the Branch of Wildlife 
Refuges, U.S. Fish and Wildlife Service). A com- 
prehensive review of algal poisoning can be found in 
Olson (1951). Bossenmaier, et al. (op. cit.) point- 
ed out the need for additional laboratory investiga- 
tions of these phenomena. An opportunity tc further 
1T am indebted to William H. Marshall, Department of 
Entomology and Economic Zoology, University of Minne- 
sota, and to Harvey K. Nelson, U.S. Fish and Wildlife 
Service, Branch of Wildlife Refuges, for assistance in de- 
veloping the project. B. S. Pomeroy, Department of 
Veterinary Medicine, University of Minnesota, familiarized 
the writer with the necessary laboratory techniques. The 
School of Public Health laboratory staff, University of 
Minnesota, under the direction of T. A. Olson, instructed 
the writer in algal-study methods. U.S. Fish and Wildlife 
Service personnel (assigned to the Minneapolis regional 
office, stationed at the various National Wildlife Refuges 
mentioned in the text, and working in the field) did their 
utmost to make the study a success. The centrifuge, mouse 
cages, and other materials were loaned by several Uni- 
versity of Minnesota departments. 

* Now with Game Branch, Manitoba Department of Mines 
and Natural Resources, Winnipeg, Manitoba. 


these studies was afforded during the summer of 
1953 when, as a temporary employee of the U.S. 
Fish and Wildlife Service, Branch of Wildlife 
Refuges, I was assigned to an investigation of water- 
fowl sickness in the area under discussion. 


PROCEDURE 


Sciple (1953) states that “unquestioned diagnosis 
of avian botulism can be made only when the toxin 
of Clostridium botulinum has been proved to be 
present in the blood of typically sick birds.” To 
make these tests in this study, a procedure was 
used that had been developed by the Joint Botulism 
Investigations under the direction of J. F. Bell. 
This was a co-operative study by the U.S. Public 
Health Service, Rocky Mountain Laboratory, 
Hamilton, Montana, and the U.S. Fish and Wildlife 
Service, Wildlife Research Laboratory, Denver, 
Colorado. Hobmaier (1932) initially described the 
basic technique, and Quortrup and Sudheimer 
(1943) added refinements. 

George W. Sciple, U.S. Fish and Wildlife Serv- 
ice, outlined the diagnostic method in a letter to the 
writer dated September 12, 1952. The test was 
performed as follows, using sterile methods through- 
out: (1) 10-20 ml. of blood were collected with 
needle and glass syringe from the heart of each sick 
duck; (2) the blood was centrifuged, and the serum 
drawn off; (3) either 0.1 or 0.2 ml. of serum, de- 
pending on circumstances described later, were 
then injected intraperitoneally into each member of 
two series—one test and one control—of two mice 
each, each mouse having been previously—from 1 
to 6 hours—injected with 25 units of penicillin and 
streptomycin and each member of the control series 
having been protected with an injection of 5 units 
of botulinus, type C, antitoxin per 0.1 ml. of duck 
serum. The experimental bird was shown to be af- 
fected by avian botulism if the antitoxin-protected 
mice displayed no symptoms, while the unprotected 
mice sickened or died. 

In order for the test to function reliably in cases 
of botulism, detectable titers of botulinus toxin 
must be present in the circulating blood of the duck 
at the time the sample is drawn. The test will yield 
erroneous results if the bird is suffering from botul- 
ism but has a mouse-sublethal level of active toxin 
in its serum. As a means of lessening the chance 
of obtaining an altogether-false picture for a 
botulism outbreak, a goal of eight serum samples 
was sought from each sickness site. This number 
was not attained in all instances, since certain out- 
breaks were of insufficient magnitude. Where it 


113 





114 


JOURNAL OF WILDLIFE MANAGEMENT, VoL. 23, No. 1, JANUARY 1959 


TaBLE 1.—TOXIN-TRANSFER Tests THAT SHOWED PosITIVE FOR BOTULISM 








Serial DESCRIPTION OF SICK BIRD 


Date SERUM GIVEN Mouse Reactioyt 

















_ of : ee ; Blood eee Unprot. 

ird Source Species Age Sex Drawn Date Amt. (ml.) (a) (b) (a) "ty 

1 Mud Lake Mallard? ad. m. Aug. 12 Aug. 20 0.1 23 24 a 

4 Mud Lake Mallard ad. sf. Aug.13 Aug.20 0,1 2 #24 _ _ 

8 Whitewater Mallard imm. m. Aug. 22 Aug. 26 0.1 57 57 iu pi 
12 Whitewater Mallard ad. om. Aug.23  Sept.17 02 60 80 — ~ 
13 Whitewater Pintail* ad. m. Aug.23  Sept.22 02 64 8 67 _ 
19 Mud Lake Mallard ad. £. Aug. 27 Sept. 22 0.1 35 35 ay he 
20 Mud Lake Mallard imm. $. Aug. 27 Sept. 22 0.1 67 lll ee ee 
21 Mud Lake Mallard imm. 3 Aug. 27 Sept. 25 0.2 24 S cee 
22 Mud Lake B-w. Teal* imm. €. Aug. 27 Sept. 25 0.2 24 38 nee 
26 L. Aux Mortes B-w. Teal ad. m. Aug. 30 Sept. 22 0.1 48 59 a “ee 
27 L. Aux Mortes Pintail ad. m. Aug. 30 Sept. 25 0.2 48 S em ee 
28 L. Aux Mortes B-w. Teal ad. m. Aug. 30 Sept. 22 0.1 41 S — « 
36 Whitewater Mallard ad. m. Sept. 7 Sept. 25 0.2 12 S — ms 
37 Whitewater Mallard imm. m. Sept. 7 Sept. 22 0.2 38 38 — <« 

Tests TO DETERMINE Loss IN TITER 

1 Same as No. 1 above Aug. 12 Sept. 17 0.09 32 32 —_ 

4 Same as No. 4 above Aug. 13 Sept. 17 0.1 32 32 sy 


— 





' The headings (a) and (b) represent the two mice in each group. A figure (23) shows approximately the time in hours 
to death—this was not exact because mice were usually checked only twice a day. An ‘‘S’? means the mouse sickened but 
later recovered; a dash (—) indicates the mouse was unaffected. 


2 Anas platyrhynchos. 
% A. acuta. 
* A. discors. 


was suspected that minimal blood levels of toxin 
were present in test ducks, the serum dose in the 
experiments was increased from 0.1 ml. to 0.2 ml. 
per bird. 

A field laboratory, where the actual tests were 
conducted, was maintained at the Mud Lake Na- 
tional Wildlife Refuge. This was equipped with 
essential laboratory materials, including a colony of 
white mice, experimental cages, sterilizing appara- 
tus, and refrigerated botulinus antitoxin. The latter 
substance was designated by the manufacturer— 
Jensen-Salsbery Laboratories, Inc.—to be com- 
mercially prepared botulinus antitoxin of equine 
origin, type C. 

A portable laboratory, consisting of a centrifuge 
and materials for withdrawing whole blood and 
storing blood serum, was carried to the scene of 
sicknesses in a pick-up truck. The serum was re- 
turned to Mud Lake Refuge in iced serum tubes. 

FINDINGS 

Outbreaks of sickness were reported in ducks 
on four water bodies in the study region during the 
summer of 1953: (1) Whitewater Lake, (2) Mud 
Lake National Wildlife Refuge, (3) Lac Aux Mortes 
National Wildlife Refuge, near the town of Devils 
Lake, North Dakota, and (4) Lower Souris Na- 
tional Wildlife Refuge, Upham, North Dakota. 
Although no precise determinations for either sick- 
ness severity or dates could be obtained for White- 
water Lake, cursory field checks indicated the 
epizootic on this area was the most severe of the 
four in terms of total duck and other bird losses. 


The avian death toll on Mud Lake Refuge, during 
the period from August 10 to September 15, was 
estimated to be slightly less than 1,000 ducks and 
somewhat more than 500 other birds. Dates of 
heaviest losses on this area were August 10-15 and 
August 25-September 5. It is doubtful if the Lac 
Aux Mortes sickness, which extended from August 
11 to early September, was much more serious than 
the actual count of 72 dead ducks would indicate, 
Less than 100 ducks were thought to have perished 
on Lower Souris Refuge during the outbreak in 
early September. 

Two periods were spent at Whitewater Lake 
during the summer: on the first trip, August 22 
and 23, serum was collected from nine sick ducks 
(Serial Nos. 8-16); on the second trip, September 
5-7, serum was collected from 11 birds (Serial Nos. 
29-39). Sixteen affected ducks (Serial Nos. 1-7, 
17-22, 42-44), picked up at intervals during the 
season, were used to diagnose the Mud Lake Refuge 
malady. A trip to Lac Aux Mortes Refuge on 
August 29 and 30 produced six sick ducks (Serial 
Nos. 23-28) for use in the experiments. Only two 
affected ducks (Serial Nos. 40 and 41) could be 


found on Lower Souris Refuge when the contam-, 


inated mud flats and water areas were toured by 
air-thrust boat on September 8 and 9. 

The toxin-transfer tests that showed positive for 
botulism, to the extent that at least one experi- 
mental mouse died, are summarized in Table 1. 
Serum samples Nos. 9, 29, and 34 were lost in a 
laboratory mishap before being tested and there- 
fore are not included in the table. The remaining 
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samples are unlisted because they failed to produce 
mouse mortality within either the experimental or 
the control groups. No antitoxin-protected mice, 
except the one shown that died, were visibly af- 
fected. Numbers 1 and 4 were tested a second time 
in order to determine approximately the loss in 
titer of botulinus toxin when the serum was stored 
at a temperature slightly above 0°C. These tests, 
which showed no significant change in toxin effec- 
tiveness after 4 weeks of storage, are included as 
part of Table 1. 


DiIscussION 


A summary of these data shows that 14 of the 41 
completed toxin-transfer tests were positive for 
Clostridium botulinum, type C, toxin. It is possible 
that the 27 birds that gave negative results were 
affected with botulism but had inadequate levels 
of toxin in their blood at the time the serum samples 
were collected. This consideration is an inherent 
unknown in the method used. 

The experimental findings establish conclusively 
that Clostridium botulinum, type C, toxin was a 
mortality agent in the avian epizootics on White- 
water Lake, Mud Lake Refuge, and Lac Aux Mortes 
Refuge during the summer of 1953. The tests do 
not eliminate the possibility of a second lethal factor 
having been operative along with botulism on the 
three areas in this and other years. However, this 
proposition received no support whatsoever from 
observations made on sickness symptoms and on 
general characteristics of the die-offs in the field 
during the summer of 1953. 

Although positive tests were not attained with 
the two serum samples from Lower Souris Refuge, 
the possibility of botulism having been the cause 
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of the outbreak there in early September cannot be 


discarded. 
SUMMARY 


The presence of toxin-producing species of blue- 
green algae on marshes in the north-central United 
States and Manitoba, during periods of avian sick- 
ness that was suspected to be botulism, led to a test 
for botulism on 41 sick ducks picked up on four 
different water bodies in the summer of 1953. 
Fourteen of the 41 diagnoses, representing birds 
from three of the four areas, were positive for 
botulism. An inherent unknown in the testing meth- 
od possibly accounts for the failure to confirm botu- 
lism in the remaining 27 birds. Symptoms of the 
sick ducks and general characteristics of the die- 
offs in the field in 1953 did not suggest a second 
mortality factor. 
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A PLASTIC HIND-FOOT MEASURING DEVICE 


William H. Adams, Jr. 


Alabama Cooperative Wildlife Research Unit,’ Auburn, Alabama 


Quite often, the need for hind-foot measure- 
ments in large-scale fur-bearer and small-game 
surveys necessitates the use of a device that pro- 
vides rapid yet accurate measurements. Such a 
device was designed and utilized by the author 
while conducting nutria (Myocastor coypus) in- 
vestigations in southwestern Louisiana during 1955 
and 1956.” 

The device is made of clear plastic with reversed 
numerals etched on one side so they can be clearly 
read when placed against the dark background of 

1 Present address. 

? Contract-fellow, 
University. 


School of Forestry, Louisiana State 


an animal’s foot (Fig. 1). Also, the clear plastic 
and the reversed numerals permit measurements to 
be read with the hind-foot in a natural, relaxed 
position and without undue hardship on the animal 
or handler. 

Since the size will vary according to individual 
requirements, the scale used conforms to a size 
suitable for raccoons (Procyon lotor), muskrats 
(Ondatra zibethicus), nutria, etc. For this partic- 
ular size, two pieces of plastic are required. The 
ruled foot-board is made from a sheet of plastic 
measuring 8% in. x 2 in. X % in., with the 
appropriate lines and numerals inserted according 
to specific needs. A sharp-pointed icepick was 


found to be suitable for scribing the lines and 
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Fic. 1. 


View of plastic measuring device on hind-foot of a nutria. The lines and reversed numerals show clearly 


against the black background. 


numerals on the plastic in lieu of etching. The heel- 
plate is made from a block of plastic measuring 
2 in. X 1 in. X 1 in. by cutting along the plane of 
greatest surface area. This sectioned heel-plate 
can be attached to the foot-board with ordinary 


plastic cement. A small hole may be drilled in one 
end of the foot-board for insertion of a carrying 
cord. 


Received for publication February 24, 1958. 


A QUICK METHOD FOR GROSS ANALYSIS OF MUSKRAT 
STOMACH CONTENTS 


Andrew A. Arata 


Department of Biology, University of Florida, Gainesville, Florida 


In the course of an ecological investigation of 
the muskrat, Ondatra z. zibethicus, in strip-mine 
ponds in southern Illinois’, a relatively rapid method 
for the analysis of the contents of muskrat stomachs 
was developed. This technique is based on the 
differential sedimentation of food particles of vary- 
ing sizes and weights. 

Prior to analysis, reference slides of the vascular 
and epidermal tissues of known food items, as de- 
termined by field observations of cuttings, were 
prepared. The investigator became familiar with 





1 This work was done while the author was a research 
assistant in the Cooperative Wildlife Research Laboratory, 
Southern Illinois University, Carbondale, Illinois. 


the gross and microscopic appearance of these 
tissues. The stomachs were preserved in 10 per 
cent Formalin at the time the animals were trapped. 
Laboratory examination was made several months 
later. The contents were removed from the ston- 
achs, placed in vials, and washed, stirred, and 
decanted three times. The vials were filled a fourth 
time, stirred, and allowed to settle for several days. 
The food materials were found to form strata upon 
settling, and with experience it became possible to 
dispense with microscopic examination and recog- 
nize individual items on the basis of gross appear- 
ance alone. For example, stonewort (Chara spp.) 
was recognized in the stomach contents by the 
presence of large amounts of calcium carbonate, 
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which, upon settling, appeared as a sandy sediment. 
Cattail (Typha latifolia) appeared in the sediment 
as coarsely divided particles, 2-8 mm. in size, sur- 
rounded by a gray-green matrix. Pondweed ( Pota- 
mogeton foliosus ) appeared as a finely divided, 
dark green sediment. W hen two or more of these 
items were present in the same sample, they were 
ratified into the respective layers with an area 
of intergradation showing characteristics of both 
materials. If stonewort was in the mixture, the fine 
calcium carbonate sediment settled on the bottom. 
It seems possible that with the use of volumetrically 
graduated vials, percentages of the various items 
could be read directly. 

The method described is not to be construed as 
suitable for detailed food-habit studies. However, 
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in those cases in which data on the relative propor- 
tion of plant food classes, such as mast, fruits, green 
vegetation, etc., and not the identity of specific 
items are necessary, the technique might be used 


to greatest advantage. 

The difficulty encountered when dealing with 
stomach contents of animals that masticate vegeta- 
tive foods is well known. The procedure described 
above denotes again the desirability of adapting 
procedures to particular studies and their special 
objectives. 

The assistance of Howard J. Stains, Department 
of Zoology, Southern Illinois University, in develop- 
ing this method and criticizing this manuscript is 
gratefully acknowledged. 

Received for publication June 28, 1958. 


SIGNIFICANCE OF GROUND NESTING BY MOURNING DOVES 
IN NORTHWESTERN OKLAHOMA 


Robert L. Downing! 


Oklahoma Cooperative Wildlife Research Unit, Stillwater, Oklahoma 


Northwestern Oklahoma is largely a treeless 
plain. In presettlement days, wooded watercourses 
provided the only nesting habitat for the tree- 
nesting birds of the region. While the planting of 
shelterbelts, locust groves, orchards, and ornamental 
trees has accompanied the agricultural development 
of the region, trees still occupy a relatively small 
acreage. The mourning doves (Zenaidura mac- 
roura) residing in the region are forced to make 
extremely heavy use of the available trees or to 
nest on the ground. 

An attempt is made in this paper to compare the 
magnitude and productiveness of ground nesting 
with tree nesting in four counties in northwestern 
Oklahoma. This is mainly a prairie region, com- 
prised primarily of sand sagebrush (Artemisia 
filifolia), shin oak (Quercus havardii), and grass- 
land. Field work was begun March 20, 1956, and 
continued until September 8, 1956, on study areas 
in Beaver, Harper, Ellis, and Woodward counties. 
Project support was provided by the Oklahoma 
Cooperative Wildlife Research Unit. The author is 
indebted to A. M. Stebler and F. M. Baumgartner 
for valuable advice and encouragement throughout 
the course of this study. 


NESTING DENSITIES 


Nesting densities for prairies were determined 
by censusing 19 areas totaling 1,184 acres, using a 
flushing bar mounted on the front of a pickup truck 
(Table 1). Because some areas were surveyed only 
once and some as many as 11 times, the highest 


‘Now employed by the Georgia Game and Fish Com- 


mission, Atlanta, Georgia. 


TaBLE 1.—DeENsity oF GrRouND NEsTs OF MOURNING 














Doves 
Type Vegetation Acreage — 4 a yell 
Sand sagebrush 176 10 0.057 
Shin oak 345 12 0.035 
Grasslands 405 6 0.015 
Wheat stubble 258 2 0.008 
Totals and mean 1,184 30 0.025 





number of nests is used in this report as the nesting 
density. 

Nesting densities for farmsteads, locust groves, 
shelterbelts, and natural tree areas were determined 
by devoting the week beginning July 29, 1956, to a 
count of active nests in 20 such areas totaling 68 
acres (Table 2). July 29 was the date of the highest 
nesting density in one of two areas for which data 
were available for the duration of the nesting season. 
This may be the approximate date of peak nesting 
for the region as a whole. 

Ground nests were found in dense cover, such as 
sand sagebrush and shin oak, and in sparse cover, 


TABLE 2.—DENsSITY OF TREE NEstTs OF MOURNING DOVES 














Numb Nests 
Type Tree Area Acreage ag per y ol 
Farmsteads 11.0 54 4.91 
Locust groves 11.5 37 2.35 
Shelterbelts 14.0 9 0.64 
Natural tree areas 31.5 31 0.98 
Totals and mean 68.0 121 1.78 








118 


such as grassland and wheat stubble. Most ground 
nests were located in the better cover in each par- 
ticular area. Ground nests were largely surrounded 
by some sort of vegetation, but overhead cover or 
shade did not appear to be essential. No particular 
direction or degree of slope seemed to be pre- 
ferred for nesting. Ground nests were found di- 
rectly beneath trees and as much as 2 miles away 
from trees. Every area studied appeared to offer 
an abundance of ground-nest sites. Nevertheless, 
the ground-nesting density of 0.025 nest per acre 
was only oth as high as the tree-nesting density 
of 1.78 nests per acre (Tables 1 and 2). 

This study did not support the feeling among 
wildlife biologists and wheat farmers that the early 
plowing of wheat stubble destroys many dove nests. 
Only two nests were found in 258 acres of wheat 
stubble examined 1 week or more after harvest 
(Table 1). A large amount of nesting habitat is 
destroyed by plowing, but few nests are destroyed 
as most wheat stubble is plowed within a week after 
the harvest. Mourning doves apparently do not 
begin nesting in wheat stubble until the second 
week after the harvest. 


NESTING SUCCESS 


Ground-nesting success was determined by week- 
ly visits to each of 130 nests. Tree-nesting success 
was ascertained by weekly visits to each of 167 
nests within two heavily used tree areas. The first 
of these areas was the Getz farmstead in Beaver 
County studied previously by Dodson (1953). The 
second area was a wooded canyon on the Vickery 
Ranch near the Woodward—Major County line. 

Ground nesting is apparently somewhat less suc- 
cessful than tree nesting. The over-all tree-nesting 
success of 49 per cent closely approximates the 
“national average” of 50 per cent (Edminster, 
1954) and is significantly higher than the ground- 
nesting success of 29 per cent. Hon (1956) deter- 
mined the success of ground nesting by mourning 
doves on several treeless islands in North Carolina 
to bg 33 per cent. 

Interesting comparisons can be made between the 
causes of nest loss in ground-nesting and tree- 
nesting doves. The high winds that destroyed six 
tree nests about the Getz farmstead had no notice- 
able effect on ground nests. Although many ground 
nests are found in flat areas, they usually are placed 
slightly above the level of the surrounding ground, 
either on mounds of soil or accumulations of dead 
vegetation. Much of the soil is sandy, and the 
locally heavy rainfall soaks in before enough water 
accumulates to inundate the nests. Desertion, a 
principal cause of loss in Hon’s (ibid.) study, was 
responsible for some loss in my study, but it was 
no more prevalent among ground-nesting than tree- 
nesting doves. There appeared to be little differ- 
ence in the relative importance of predation. In 
most instances, the cause of loss was not determined. 

No difference in fecundity rate was noted be- 
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tween ground-nesting and tree-nesting doves, Whil 
the number of eggs per clutch was the same “ 
ground and tree nests, no re-use of ground nests 4 
is common in tree nests, was noted. Ground-nestin 
doves apparently build new nests at each attempt 


DIscussION 


The difference between nesting densities jn trees 
and on the ground (Tables 1 and 2) seems to ing. 
cate that trees are preferred. However, most doves 
do not nest in trees in the spring until the trees 
become fully leafed out. Social pressures within 
densely populated tree areas further limit the ys 
of trees for nesting. Moreover, mourning doves 
raised in ground nests may prefer to nest on the 
ground. For these reasons, ground nesting is com. 
mon throughout the area, even where trees are 
available. 

In northwestern Oklahoma, the high production 
of mourning doves per unit of area in trees is less 
important than ground nesting due to the extremely 
low availability of trees. I estimate that there are 
less than 15,000 acres of trees in this region, which 
comprises more than 3 million acres. In spite of 
the low density of nests on the ground (Table 1), 
I estimate that 71 per cent of the mourning dove 
population uses this habitat for nesting. The re. 
productive effort of these birds, while less success. 
ful, accounts for an estimated 59 per cent of the 
total production of young in the region studied, 
Trees, occupying less than one-half of one per cent 
of the total area of the region, produce an estimated 
41 per cent of the doves. Although these estimates 
are based on some involved calculations not shown 
here in detail, it is obvious that tree nesting is less 
important than ground nesting only because the 
area occupied by trees is so limited. 


SUMMARY 


The average ground-nesting density of mourning 
doves in northwestern Oklahoma was found to be 
0.025 nest per acre with an average success of 29 
per cent. The average tree-nesting density in the 
same region was found to be 1.78 nests per acre 
with an average success of 49 per cent. Trees, oc- 
cupying less than one-half of one per cent of the 
total area of the region, produce an estimated 41 
per cent of the doves. 
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CYSTICERCI OF TAENIA KRABBEI IN MULE DEER IN COLORADO 


O. Wilford Olsen and Jesse E. Williams 


Colorado State University, Fort Collins; and Colorado Game and Fish Department, Montrose, Colorado 


Adult tapeworms reared in dogs from cysticerci 
occurring commonly in the muscles of mule deer, 
Odocoileus h. hemionus, in Colorado have been 
identified as Taenia krabbei Moniez, 1879." It is the 
purpose of this paper to report on the occurrence 
and incidence of this parasite in deer, to extend its 
range in the United States, and to give some per- 
tinent data on its biology. 

The cysticerci of this tapeworm were found 
originally by Moniez in 1879 in the back, inter- 
costal, and thigh muscles of a reindeer ( Rangifer 
tarandus) from Iceland that had died in the zoo- 
logical garden of Lille, France. He designated them 
as Cycticercus tarandi. When fed to a dog, the 
cysticerci developed into adult cestodes which he 
named Taenia krabbei. The species was described 
more fully by Cram (1926). 

1—. W. Price, Animal Disease and Parasite Branch, U.S. 
Department of Agriculture, Beltsville, Maryland, confirmed 


our identification. 





Subsequent to Moniez’ original observation, 
Cysticercus tarandi has been reported in the muscles 
of reindeer in Iceland and Alaska ( Hall, 1920) and 
in Russia (Pushmenkov, 1945) and in Columbian 
black-tailed deer (O. h. columbianus ) from Oregon 
(Shaw, et al., 1934). 

Adult tapeworms have been recovered from the 
small intestine of dogs in Alaska and Iceland ( Hall, 
op. cit.), of dogs experimentally infected in Russia 
(Pushmenkov, op. cit.), of bobcats in Minnesota 
(Rollings, 1945), and of wolves in Mordovian State 
Preserve, Russia (Morozov, 1951). Since reindeer 
do not occur in Mordovian State Preserve, Morozov 
suspects that other deer serve as intermediate hosts. 

In order to ascertain the course of the life cycle 
and some of the secondary hosts involved in Colo- 
rado, preliminary life-history studies were under- 
taken. 

Adult tapeworms (Fig. 1) were obtained by 
feeding cysticerci from deer to dogs free of tape- 
worms. Tapeworms failed to develop in cats fed 
these cysticerci. 


Fic. 1. Adult Taenia krabbei reared in a dog fed cysticerci obtained from the muscles of a mule deer. The prom- 





inent genital papillae are characteristic of this tapeworm. 
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On August 20 when gravid proglottids appeared 
in the feces of an experimentally infected dog, two 
of them were fed to each of a deer fawn and a 
lamb of domestic sheep. A control fawn and lamb 
were each kept with its appropriate experimental 
mate. On November 24, 96 days after ingesting the 
proglottids, the experimental lamb died. Numerous 
abscesses of variable size occurred in the lungs. A 
total of 40 cysticerci was recovered from the skeletal 
and cardiac muscles. No cysticerci were found in 
the control lamb. On December 16, 142 days after 
feeding the proglottids to the fawn, both it and the 
control animal were sacrificed and examined mi- 
nutely for cysticerci. None were found. Both ani- 
mals remained healthy up to the time of slaughter. 

In an attempt to ascertain the distribution of this 
parasite, skinned carcasses of deer checked in 41 
cold-storage plants revealed that infections oc- 
curred widely throughout the mountainous region 
of the state. The carcasses were examined externally 
only for evidence of infection, since they were not 
available for cutting to seek the cysticerci deep in 
the flesh, where many of them occur. Of 716 car- 
casses of adult deer examined grossly in storage 
plants, 57 (8 per cent) showed cysticerci (Fig. 2). 
No cysticerci were found in the carcasses of ap- 
proximately 44 fawns examined. Inasmuch as many 
of the cysticerci occur deep in the muscles or may 
be covered by fat, many infections could have been 
missed in adult deer. Cysticerci in fawns would be 
more easily found, due to the smaller carcass and 
less fat. 

Five deer were shot at random on the range and 
the carcasses scrutinized for cysticerci. On gross 
external examination of the skinned carcasses, no 
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Appearance of a cysticercus through the surface of a skinned carcass of a mule deer. 


cysticerci were seen in any of them. Upon carefyl 
examination by cutting the musculature in thin 
slices, all of them showed cysticerci, ranging from 2 
to 22 per animal (Fig. 3). 

In the 57 infected deer observed in the storage 
plants, 49 per cent of the cysticerci appeared in the 
hind parts of the carcass. The distribution was as 
follows: neck 2, shoulder 21, ribs 3, flank 15, loin 
10, and hind parts 49 per cent, respectively. A total 
of 74 per cent of the cysticerci observed was in the 
posterior half of the body. No cysticerci were seen 
in the masseter or diaphragm muscles, where they 
are found commonly in other species. The heart 
of the lamb infected experimentally contained 
cysticerci, as mentioned above. 

The intestines of seven bobcats (Lynx rufus) and 
two coyotes (Canis latrans) from an area where 
infected deer occur failed to yield any specimens of 
T. krabbei. A tapeworm obtained from a dog that 
had been treated to remove the worms resembled 
T. krabbei, but its identity could not be established 
beyond doubt. 


DIscussION 


The occurrence of Cysticercus tarandi in 8 per 
cent of 716 adult deer in 1954 is evidence of the 
wide distribution of this parasite. The finding that 
all of five deer shot at random and minutely ex- 
amined were infected leads to the conclusion that 
the percentage of infected deer in Colorado is high. 

The presence of cysticerci in the meat renders 
it unaesthetic for human consumption, and there- 
fore it is discarded. There is no evidence known to 
the writers of T. krabbei occurring in man. The 
lack of information on infection of man by this 
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Fic. 3. Appearance of the cysticerci of Taenia krabbei in a section of the thigh of a mule deer. Photo by Dean Rue 
Jensen, School of Veterinary Medicine, Colorado State University. 


tayeworm either as cysticerci or adults does not 
necessarily mean that such infection may not occur, 
especially when exposure is so frequent in an area 
where the incidence of infection is high. 

The presence of cysticerci in the experimentally 
infected lamb raises the question of whether they 
may occur naturally in sheep. Exposure of sheep 
through association with dogs, coyotes, and bobcats 
on the range, farm, or ranches should provide ex- 
cellent opportunities for infection of them. More 
careful attention to the identity of cysticerci in 
sheep may reveal mixed infections of T. ovis and 
T. krabbei. Separation of T. krabbei from T. ovis 
on the basis of cysticercal hooks is difficult, if not 
impossible, because the number, shape, and sizes 
of them are so similar. The record of T. krabbei 
in domestic sheep reported here is the first known 
to the authors. 

The nature of the abscesses in the lungs of the 
experimentally infected lamb was not ascertained. 
Inasmuch as the oncospheres must pass through the 
capillaries of the lungs in order to reach the muscles, 
it is possible that the damage caused in that passage 
may have resulted in the abscesses and ultimately 
the death of the lamb. 

The absence of cysticerci in the experimentally 
infected fawn and in those killed by hunters sug- 
gests that this age group may be more resistant than 
older deer. It is recognized that fawns have had 
less exposure to infection than adults. Even so, it is 
conceivable that exposure to tapeworm eggs could 
occur among them. The complete absence of cys- 
ticerci in the experimental fawn which swallowed 


two gravid proglottids, however, suggests some 
type of resistance, unless they were regurgitated 
unbeknown to the authors. 

The fact that parts of deer carcasses are available 
to dogs during and after the hunting season leads 
to the belief that they may serve as an important 
reservoir of infection in areas where they frequent 
the range of deer. 

In Colorado where seasonal harvesting of a large 
number of deer is an important aspect of manage- 
ment of these animals and their range, there have 
been areas where hunting pressure has declined due 
to the undesirability of the measly carcasses. Thus, 
this parasite presents a problem in a program of 
range management that requires the removal of an 
adequate number of animals during each hunting 
season. 
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NOTES ON THE PREVALENCE OF HYDATID DISEASE IN ALASKAN MOOSE 


Robert A. Rausch 
U.S. Fish and Wildlife Service, Box 6123, Anchorage, Alaska 


In conjunction with current moose-management 
studies in south-central Alaska,’ 124 pairs of lungs 
of moose (Alces alces) have been collected and 
examined for the presence of hydatid cysts, the 
larval stage of the cestode, Echinococcus granulosus. 
The lungs were collected in the Cook Inlet region 
between January 1, 1956 and January 1, 1958, 
mostly from animals accidentally killed by trains 
or cars. 

The presence or absence of the tapeworm cyst 
was determined by visual inspection, palpation, 
and finally by sectioning the lungs into slices ap- 
proximately % in. thick. Hydatid larvae do not 
always localize in the lungs of the host; however, 
examination of 86 moose livers and hearts has given 
negative results. The lungs of 17 of the above ani- 
mals were infected. 

The life cycle of this parasite has been reviewed 
by R. L. Rausch (1952). The cycle usually in- 
volves ungulates as the intermediate host, and 
canids as the final host. The larval form, the 
hydatid cyst, is found in the intermediate host— 
usually moose and caribou (Rangifer arcticus) in 
this portion of Alaska. The adult tapeworm, in 
Alaska, is found in wolves (Canis lupus) or dogs 
(C. familiaris). Although coyotes (C. latrans) are 
possible final hosts, R. L. Rausch (viva voce) re- 
ports that the tapeworm has not been identified 
from coyotes inhabiting the study area. 

In compiling the data, a natural geographic fea- 
ture was used to divide the area into two parts 
(Tables 1 and 2). All moose collected north of the 
Knik Arm of Cook Inlet were considered to be in 
the Railbelt-Matanuska Valley populations, and 
all moose south of Knik Arm were considered to be 
in the Anchorage—Upper Kenai populations. In all 
probability there is very little, if any, interchange 
between these two areas, as Knik Arm and the 
adjoining Chugach Mountains constitute a formi- 
dable natural barrier. 

The age classification of the moose listed in 
Tables 1 and 2 was determined by using the tech- 
nique described by Skuncke (1949). This tech- 
nique is largely based upon comparative wear of 
the mandibular teeth and distinguishes nine age 
classifications beyond Age Class Calf. Only Age 
Class I corresponds to the chronological age of the 





1 Undertaken with Federal Aid to Wildlife Restoration 
funds under Pittman-Robertson Project No. W3R, Alaska. 


TABLE 1.—PREVALENCE OF Echinococcus granulosus IN 
THE LuNGs OF MOOosE IN THE RAILBELT—MAtanusx, 
VALLEY AREA 








No. of Per Cent .. 
Animals in Each Number Per Cen 


Age Groups 
Examined Age Group Infected _ Infected 








Calf 23 23 0 0 
I 13 13 2 15 
II and II 13 13 3 15 
(1, I, and III) (26) (26) (4) (15) 
IV, V, and VI 29 29 8 28 
VII, VIII, and 1X 16 16 10 62 
Unknown age! 7 7 3 29 
Totals 101 100 24 24 
Excl. calves 78 24 31 





1 Age Class II and above. 


individual. Considerable overlap occurs in the te- 
maining eight age classes, which include moose 
from 2 to at least 20 years of age. 

The prevalence of E. granulosus in a moose popv- 
lation seems dependent upon the availability of the 
parasite to the potential host and the length of time 
the animal has been exposed to it, i.e., the age of 
the individual. Although the present techniques of 
age determination are general, the correlation be- 
tween the incidence of infection and the age of the 
animal is apparent. 

E. granulosus is not common in moose popula- 
tions located in the areas south of the Knik Am. 
Only one instance of infection was observed in the 
23 sets of lungs examined. The reasons for the dif- 
ferential prevalence of infection between the two 
areas are not fully understood at present. In fact, 


TABLE 2.—PREVALENCE OF Echinococcus granulosus 1N 
THE LuUNGs OF MOOSE IN THE ANCHORAGE—UPPER KENAI 
AREA 








No. of Per Cent 








Age Groups Animals in Each Number Per Cent 

Examined Age Group Infected Infected 
Calf 3 13 0 0 
I 3 13 0 0 
II and III 4 17 0 0 
(1, II, and III) (7) (30) (0) (0) 
IV, V, and VI 5 22 1 20 
VII, VIII, and IX 8 35 0 0 
Totals 23 100 1 4 
Excl. calves 20 1 5 
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the final host group is not definitely known for 
either study area. Wolves are absent or very rare 
in both areas; coyotes are present in both areas but 
are not abundant, and the mature tapeworm has 
not been identified from coyotes inhabiting the 
¢udy areas. Dogs are very numerous in both areas 
and are allowed to roam freely by most owners. 
Quantitative information on the incidence of E. 
granulosus in dogs of these areas is not available, 
but in view of their abundance and distribution, 
dogs would seem to be logical final hosts. 

Several authorities have discussed the possible 
pathogenic effects of hydatid disease on the un- 
gulate host. Cowan (1948) indicated that hydatid 
disease reduces the vitality of the ungulate host to 
4 marked degree. R. L. Rausch (op. cit.) stated 
that the disease appears to be essentially non- 
pathogenic in the natural mammalian hosts that 
have been reported for this cestode. 

During this study, the general physical condition 
of each animal examined was recorded, and the 


incidence of pregnancies was also noted. In no 
instance was the physical condition of infected 
animals visibly different from that of noninfected 
animals, and the pregnancy rates of infected and 
noninfected animals were identical; 90 per cent of 
all females in Age Class II and above were pregnant. 
At present, the writer has observed no instances 
where hydatid disease appeared, upon gross ex- 
amination, to be detrimental to the vitality of the 
ungulate host. 
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BOOK REVIEWS 


Resource Training for Business, Industry, Govern- 
ment. Published for the Natural Resources Study 
Committee by The Conservation Foundation, 30 
East 40th Street, New York 16, New York. 1958. 
ix + 159pp., illus. “Distributed free of charge to 
professional people, educators, business execu- 
tives, etc.” 


This small, handsomely printed volume con- 
tains a partial answer to a question raised by 
Fairfield Osborn in its Foreword: “. . . are our 
universities aware as to how they can most effec- 
tively train people so that their skills and judg- 
ments may be practically applied in resource-use 
problems?” 

The book is divided into three major sections. 
The first, an attempt to point up problems and 
needs in natural resources training, consists of nine 
brief, penetrating statements by as many conserva- 
tion leaders speaking for business, industry, govern- 
ment, and education. The second deals with an 
invitation conference at Ann Arbor jointly spon- 
sored by The Conservation Foundation and the 
University of Michigan’s School of Natural Re- 
sources. The third presents committee reports from 
this conference, plus the memorandum of agree- 
ment that established the Natural Resources Study 
Committee under sponsorship of The Conserva- 
tion Foundation. 

A 15-page introduction by Roger Hale contains 
a general statement of the problem, as well as a 
summary of the Ann Arbor conference. He starts 


by illustrating one of the semantic difficulties cre- 
ated by such terms as “conservation” and “conserva- 
tionist”: a young man seeking employment in pri- 
vate enterprise as a “conservationist” is likely to be 
rebuffed by employers who might hire him if his 
skills were presented under a (to them) more 
meaningful title. Readers of the Journal are familiar 
with the fact that “conservation” means different 
things to different people. They will accept this 
discussion as an appropriate take-off point for the 
major question treated in the second and _ third 
sections of the book, which, at the risk of over- 
simplification, may be stated as: Will anyone hire 
students trained as generalists in conservation? 

Part One of Resource Training presents views on 
what business, industry, and government need in 
the way of resource-use personnel and on what types 
of training are available in leading universities. The 
content ranges widely, from “Conservation and 
Today’s Economy” (Paul Sears) to “Resource 
Training for Lawyers” (Clyde Fischer, Jr.). Lloyd 
Partain discusses qualifications of a watershed 
manager, Paul Dunn views the forester as a re- 
source manager. Vincent Madison and Walter 
Gumbel survey, respectively, area development in 
urban areas and resource development in rural 
areas. John Stauber presents a banker’s views on 
conservation, E. H. Graham lists government needs 
for resource technicians, and Stanley Cain discusses 
the pioneering program in general resources train- 
ing being developed by him and his group at the 
University of Michigan. 
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Part Two, covering the Ann Arbor conference, 
makes stimulating reading, reporting, as it does, 
attempts by educators and a wide spectrum of po- 
tential employers to agree on how students should 
be trained to perform functions all participants felt 
are vital to the economy. Amusing comments on 
the immutability of college curricula and on the 
inability of employers to recognize desired com- 
modities under unfamiliar labels will be appreciated 
by wildlife workers. 

It is difficult to summarize a book which is itself 
a summary. The reader is permitted to conclude 
that: 

1) General resources training is not yet recog- 
nized as making a student employable at the bache- 
lor’s degree level. 

2) General resources training is desirable as an 
undergraduate minor or as a field of study for ad- 
vanced degrees subsequent to training in a recog- 
nized resource specialty, e.g., forestry, economics, 
geology. 

3) General resources training is desirable as an 
adjunct to the curriculum in law, banking, and 
other established professions, and universities must 
recognize the imperative need for interdepartmental 
co-operation to meet this need. 

4) General resources training is basic to in- 
telligent citizenship and should be integrated with 
studies in other fields, preferably from the first 
grade on. 

Fish and game workers should read this book. 
They may be shocked to see how little consideration 
is given to wildlife, or to any recreational use of 
resources. They will be reminded that, for the 
economist, “intangible values” simply do not exist. 
We have been reluctant even to attempt to quantify 
fish and game values. But unless we do, or unless 
we do a better job of selling the intangibles, books 
such as this show that our interests may receive 
little attention from the persons most likely to de- 
termine the resource policies of the future —JusTIN 
W. Leonarp, Michigan Dept. of Conservation, 
Lansing, Michigan. 


The Ornithologists Guide. Edited by H. P. W. 
Hutson. H. F. & G. Witherby, Ltd., London, 
and Philosophical Library, Inc., New York. 
1956. 275pp., 34 illus. 2ls. (Witherby) or 
$10.00 (Philosophical Library ). 


Prepared under the direction of a committee of 
the British Ornithologists’ Union, The Ornitho- 
logists’ Guide is designed to maintain contact with 
overseas members by pointing out research oppor- 
tunities and providing a compilation of research 
techniques. W. H. Thorpe, as president of the 
B.O.U., observes: “I believe that ornithologists in 
this country will in fact find this volume almost as 
valuable as will the overseas counterparts.” 

The problem of compiling the mass of material 
necessary to satisfy the above objectives was solved 
by assigning topics to various experts. There are 46 


contributors, including virtually all Prominent 
British workers, and two North American members: 
T. H. Manning and A. F. Skutch. This impressive 
array of authors gives the book the quality of bein 
both authoritative and up-to-date, but it does Pe 
differences in style, approach, and coverage, Some 
writers review the assigned topics in a general Way 
others offer detailed suggestions for research, and 
others “grind” their usual “ax.” Despite these dif. 
ferences, the editor has integrated the topics with 
a minimum of stress and duplication. 

The special topics are arranged in nine major 
sections. A general section considers recognition 
collection, classification, and plumage. Habitat 
range, migration, sea birds, and polar study are con. 
sidered under “Geographical Aspects.” Discussions 
of instinctive behavior by N. Tinbergen and leam. 
ing by W. H. Thorpe introduce a section on “Gen. 
eral Behavior.” This section includes discussions of 
fighting, threat, and bird song, although courtship 
and connubial display are treated under a section 
on “Breeding.” 

A brief section on “Protection” includes a general 
discussion of bird conservation and the management 
of bird preserves. In an article on “Wildfowl Con. 
servation,” P. Scott stresses that the mutual interests 
of sportsmen and ornithologists should lead to 
greater co-operation to protect threatened species, 
He points out: “The sport of duck-hunting in 
North America is now operating strongly in favour 
of most of the quarry species in that continent.” 

J. S. Ash discusses game management in England 
from the standpoint of changes in land use brought 
about by the war. A decline in game-bird numbers 
is attributed to the break-up of large sporting estates 
and the loss of associated game-management prac- 
tices, as well as to the postwar tendency toward 
large farms. Considerable emphasis is placed on 
selective predator control, and artificial rearing 
seems to be prevalent despite the wartime finding 
that pheasants could maintain themselves without 
artificial propagation. 

The section on “Study Techniques” constitutes 
about one-fourth of the book. While little in this 
section is new, it is a convenient compilation by 
people who have either developed or much used 
the techniques they discuss. Although trapping, 
banding, and collecting are discussed in several 
places, no information on sex and age determination 
is provided. 

A section entitled “Some Suggestions for Special 
Study” follows the main offering of the book and 
seems unnecessary; little is added that could not 
have been integrated into the preceding text. 

Two appendix-like sections provide a valuable 
list of societies, collections, reference books, and 
ornithologists in the United Kingdom, bird-banding 
programs throughout the world, and ornithological 
organizations of Great Britain. 

Any book with the aim of harnessing some of 
the tremendous effort put forth by amateur ornithol- 
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gists is to be commended. Often it is not clear 
whether this guide is aimed at the beginner, the 
,dvanced amateur, or the professional. However, 
it contains some summaries useful to all. Several 
greas seem to have been slighted. There is no con- 
jderation of ornithogeography or avian communi- 
‘ies. However, there are well-handled sections on 
habitat and nest-site selection, and other ecological 
interests are apparent throughout the pages of the 
guide. 

” The Ornithologists’ Guide incorporates the ap- 
proach and certain objectives of two popular Amer- 
can works: Pettingill’s A Laboratory and Field 
Manual of Ornithology (which is nowhere men- 
tioned) and Hickey’s A Guide to Bird Watching. 
The new guide has neither the basic and broad 
coverage of the former nor the stimulating presenta- 
tion of the latter. However, it does have the ad- 
vantage of presentation of ideas and techniques by 
experts in each field, and it will undoubtedly ful- 
fill its objectives. North American workers will 
find it a worthwhile addition to the above-men- 
tioned works. 

From the standpoint of book art, the volume is 
not impressive. It is printed in England on paper 
of a low rag content, cheaply bound, and sparsely 
ilustrated with line drawings. Typographical errors 
are few. The American price of $10.00 is extremely 
high, considering the quality of the book and the 
equivalent English price of less than $3.00. An 
even more absurd price of $15.00 is listed in adver- 
tising folders of the American publisher—MILTON 
W. WELLER, Dept. of Zoology and Entomology, 
lowa State College, Ames, Iowa. 


Man-Eaters of India. By Jim Corbett. Oxford Uni- 
versity Press, New York. 1957. xiii+197pp. 
$4.50. 


This unabridged collection of Corbett’s three 
most popular bookss—Man-Eaters of Kumaon, The 
Man-Eating Leopard of Rudraprayag, and The 
Temple Tiger and More Man-Eaters of Kumaon— 
consists of “true-life adventures” that rival Kipling’s 
Jungle Books. Woven into these thrilling accounts 
is sufficient substance of the behavior of tigers and 
leopards, glimmerings of India’s best bird and 
mammal life, descriptions of superb scenery, and 
a view of highland village life to provide real 
biologic and historic values. It is also obvious that 
Corbett possessed a vast knowledge about tigers 
and leopards that never reached print. His ac- 
quaintance with jungle lore began in boyhood, and 
he hunted man-eaters for 52 years with unparalleled 
success. Among his most important conclusions are: 
(1) Human beings are not the natural prey of 
tigers and leopards, and the transition to human 
flesh is accidental; (2) cubs of man-eaters do not 
automatically become man-eaters; (3) tigers lose 
their fear of man and hunt by day when the prey 
is readily available, but leopards never lose their 
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fear of man and remain strictly nocturnal; (4) when 
a wounded tiger or leopard makes a headlong charge 
and fails, it carries on and does not return to 
attack; (5) the only safe way to hunt tigers up-wind 
is by tacking to keep the animal to the left or right 
and not permitting it behind the hunter; (6) the 
home range of the Chowgarh tiger was 30 by 50 
miles, an area of 1,500 square miles where “the 
snow lies deep in winter, and the valleys are 
scorching hot in summer”; (7) the man-eating 
leopard of Rudraprayag operated in an area of 
about 12 by 20 miles, according to the map pub- 
lished inside the back cover; and (8) the Rudra- 
prayag leopard was not a fiend, spirit, or demon, 
but only an old leopard with a gray muzzle and 
whiskerless lips. The contingencies that resulted in 
repeated failure to kill the Rudraprayag leopard 
were so incredible that it is easy to understand why 
the highlanders considered it to be supernatural. 
The account of this leopard is the best written and 
most fascinating of the three books. Corbett’s 
general descriptions of landscape are vivid, and 
the attention to minute details of sign, movements, 
and actions of pursued tigers and leopards would 
do credit to any wildlife biologist. Man-Eaters of 
India can be highly recommended as excellent en- 
tertainment and as a significant contribution to an 
understanding of the behavior of tigers and leopards. 
—Hetmvut K. Buecuner, The State College of 
Washington, Pullman, Washington. 


Nature Protection throughout the World. Edited 
by Georges Dennler de la Tour. Issued under 
the auspices of the International Union for the 
Protection of Nature, Buenos Aires. 1957. 538pp., 
illus. Paper bound, $9.00; cloth, $10.00. 


This is a volume that, unless brought to their 
particular attention, might easily escape the notice 
of North American workers in the field of conser- 
vation. It is available at the prices above indicated 
from Dr. de la Tour through the Association Natura, 
Pasaje Seaver 1656, in Buenos Aires. 

In one of several Forewords in French, German, 
Spanish, and English, written by various author- 
ities, C. L. Boyle, secretary of the Fauna Preserva- 
tion Society, London, England, hails Hugo Salomon 
as “the pioneer of nature protection in South Amer- 
ica,” and adds: “It was indeed fortunate for our 
Society that Dr. Salomon’s interest was not con- 
fined to South America. His love of nature was 
world-wide. . . .” The volume is dedicated to Dr. 
Salomon’s memory. 

The treatment is by regions or continents and 
the only gap this reviewer has found is for Australia 
and Asia north of the tropics. India and Indonesia 
are covered by 5 papers, 2 of them in English by 
Dr. Salomon with comments on a third (in Spanish ) 
by Dr. de la Tour. New Zealand is given 4 papers, 
one in English, all contributed by the editor. 
Africa is covered by 8 papers, 2 in English by Dr. 
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de la Tour and the others in French and German. 
Two papers in French report the contributions to 
conservation in Europe. North America rates 3 
papers, 2 in English by Conrad L. Wirth, Director 
of the National Park Service, and the reviewer. The 
other is in French and deals with the national parks 
in Canada. Six papers are devoted to conservation 
in South America, 2 of them in English by Dr. 
de la Tour while the others are in Spanish. 

In many respects this is a most unusual volume 
and undoubtedly should be on the shelves of every 
working nature conservationist. It is well illustrated 
with excellent photographs, line drawings, and 
maps, while the printing and paper leave nothing 
to be desired.—F REpERICK C. LincoLN, Bureau of 
Sport Fisheries and Wildlife, Washington, D.C. 


Animal Behavior. By J. P. Scott. University of Chi- 
cago Press. 1958. xi+28lpp., 33 line drawings 
and 38 half tones. $5.00. 


The author's aims are stated in thé preface: 
“This book has been written to answer the general 
question: What is the study of animal behavior 
about? It is also intended as a textbook, which 
means that it attempts to give a fair and accurate 
picture of a field of knowledge. It is designed for 
the general reader or the student who wishes to 
learn something for himself.” 

The book is divided in two parts. After two 
introductory chapters, five chapters deal with the 
causes of behavior, and chapters 7, 8, 9, 10, and 11 
discuss the effects of behavior: the first three of 
these chapters are on social behavior, chapter 10 
treats behavior and environment, and the final 
chapter is on evolution. 

This is a useful book in many respects. The lan- 
guage is simple and nontechnical. A number of 
carefully selected facts are given, which are partly 
used as a basis for induction, partly as an illustra- 
tion of the methods. The bibliography is selective 
and fairly representative of the English-written 
literature. 

The author has drawn from a wide field; he is 
interested in many species of animals, in both 
causation and function, and in zoology, psychology, 
physiology, and genetics. A great deal of thought 
has obviously gone into the organization of the 
book, and in many respects Dr. Scott gives a fair 
picture of “what the study of animal behavior is 
about”—the task he set himself. For these reasons 
his book is a welcome addition to the literature. 

In critically judging this book, one should of 
course realize that the study of animal behavior 
covers a very wide field, with ramifications into 
many different neighboring disciplines. It also is 
a very young field of science; and because the strict 
application of biological thought to behavior is 
meeting with so many obstacles, it is still lagging far 
behind many other biological sciences and is rapidly 
changing face. It is therefore not altogether the 
author’s fault when this latest book does not leave 


one with an altogether clear picture of al] th 
problems involved, and particularly of thei; int ‘ 
relationships. - 

I believe that this is in part due to the fact that 
while the separate treatment of Preceding cause, 
and subsequent effects of observed behavior r 
sound (except where various “feedback” phenom 
ena, involved in causation, are concerned ) the 
organization of the argument within these two 
major fields of study, and within the separate chap. 
ters dealing with parts of these fields, is q little 
haphazard. This may explain certain gaps, Thus 
while considerable space is given to factors that ini. 
tiate certain types of behavior, the equally impor- 
tant question of their cessation is scarcely touched 
upon, and neither is the problem of the Organization 
of action chains. Interaction between different 
systems on various levels of integration might also 
at least have been mentioned as an intriguing prob. 
lem. Functional aspects are not treated very fully; 
in fact, after a classification of behavior according 
to general function, little more that is concrete js 
heard of how behavior contributes to survival, 4 
disproportionally large part of the chapter on evolu. 
tion is devoted to a discussion of selection acting at 
the population level; one would have welcomed a 
little more on selection pressure on individuals and 
on the breeding unit. The wording is not always 
very careful; thus the word “adaptation” is some- 
times used in the sense of “adapted character” (e.g, 
on p. 155), sometimes in the sense of “adapting” 
(pp. 110, 111). The term “stimulus” is used now to 
indicate a change in the external environment, now 
to cover any change—in short, any cause, and the 
S-R “theory” becomes no more than the basic 
hypothesis, or faith, that all behavior must be de- 
termined by preceding events. Such loose wording 
must confuse the reader’s thinking. 

In conclusion, this book gives an impression of 
the variety of phenomena and of problems, as well 
as of several types of knowledge the scientist is 
interested in. As such, it is a very valuable intro- 
duction to the field. However, it lacks coherence, 
and demonstrates the unescapable fact, painfully 
clear to all of us who are engaged in this study, that 
our science is not yet quite over its teething troubles. 
—N. TINBERGEN, University of Oxford. 


A Treatise of Limnology. Volume 1. Geography, 
Physics, and Chemistry. By G. Evelyn Hutchin- 
son. John Wiley and Sons, Inc., New York. 1957. 
xiv+1,015pp. $19.50. 


In 1904 the Swiss limnologist, F. A. Forel, pub- 
lished the last of three volumes that recorded the 
facts then known about the physics, chemistry, and 
biology of a Swiss lake. Much of this work was 
based upon data Forel himself had gathered. In 
1957 the first volume of a two-volume set by 
Professor G. E. Hutchinson dealing with lake lim- 
nology was published. When completed, Hutchin- 
son’s work may well be the most comprehensive 
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treatise in contemporary limnology since the time 
of Forel. Like Forel’s monograph, this volume is 
rich in the author's personal contributions. The first 
of Hutchinson’s two volumes sets forth information 
from geography, chemistry, and physics that is per- 
tinent to fresh-water lakes. It is much more than a 
factual account. It is also an astute critique of 
modern limnology. One feels that the limnological 
data that have accumulated since Forel’s time have 
received a thorough sorting and refiling. 

The first two sections, comprising 194 pages, 
deal with method of formation and shape of lake 
basins. These subjects are covered in great detail. 
Hutchinson’s lake classification scheme, based upon 
method of origin, recognizes 76 lake types, exam- 
ples of which are taken from almost every part of 
the world. A liberal use of maps, photographs, and 
diagrams adds considerable interest to subject mat- 
ter that might otherwise be passed over rapidly. 
Chapter III deals with water properties. Here, one 
finds discussion of deuterium, tritium, and the stable 
isotopes of oxygen in fresh waters, as well as many 
interesting details about the molecular structure of 
water and ice. In Chapter IV the hydrological cycle 
and water balance of the earth are discussed. The 
relation of lake-level oscillations to climate and the 
water budget for the earth are two subjects found 
here that are of general interest. 

The nonmathematical reader will probably not 
venture far into Chapter V, which deals with the 
hydromechanics of the lakes. Here, mathematical 
notations are employed throughout. Those lacking 
a background in hydrodynamics must hunt through 
this section to find nontechnical bits or depend 
upon the nonmathematical summary. Proceeding 
in this way, one can discover many new facts about 
currents and water movements. 

Most readers will find many unfamiliar terms in 
the chapter dealing with the thermal properties of 
lakes. Such a multiplication of terms perhaps is 
an indication that limnology, as a science, has come 
of age and is also’ reminiscent of a pattern that has 
been followed in plant ecology. The definition of 
thermocline given by Birge is not accepted. The 
author suggests a definition of this term that will 
be unfamiliar to many aquatic biologists. It is the 
plane of maximum rate of temperature decrease in 
the temperature profile. The term metalimnion is 
used for the stratum that corresponds in most in- 
stances to the thermocline, as defined by Birge. 
Several modifications have been made in the well- 
known Forel-Whipple scheme of lake classification. 
These changes eliminate some inconsistencies that 
have long been apparent to limnologists. The term 
dimictic is proposed for lakes that circulate twice 
a year and monomictic for lakes that circulate once 
a year. Using this scheme, Forel’s polar lakes 
become cold monomictic lakes and his tropical lakes 
become warm monomictic lakes. 

Chapters of the book dealing with chemistry 
begin with a generous background of geochemical 
data for the element in question. Transport of the 


element into fresh waters is discussed and the pat- 
tern of seasonal and bathometric distribution in 
lakes is presented. Readers interested in some of 
the applied aspects of limnology may be dis- 
appointed to find that certain bodies of information 
dealing with chemistry have been omitted or have 
received only summary treatment. For example, 
there is little in the way of an appraisal or summary 
of the rather voluminous literature dealing with 
pond and lake fertilization. 

It is clear that Hutchinson’s treatise will be a 
“world limnology.” As in other sciences, provin- 
cialism has arisen and most North American lim- 
nologists are only familiar with North American 
lakes. These volumes should go far to correct this 
deficiency. It can also be said that the book has a 
freshness that arises from the reader's discovery of 
new facts about some of the more unusual lakes of 
the world. It is a fine reference for those who are 
versed in the fundamentals but is not a text for the 
beginner. The uninitiated might be discouraged by 
the great amount of detail. Since this is a treatise 
and not a textbook, it contains material of a contro- 
versial nature, which is the author’s interpretation 
and in some instances his extrapolation of existing 
data and theory. 

No scientist can fail to admire Hutchinson’s first 
volume because of the wealth of information pre- 
sented and the depth of the author’s analysis. It is 
written in a scholarly but enjoyable style. Those 
whose interests lie in the field of fisheries and 
wildlife management will perhaps find even more 
reference material in the forthcoming volume deal- 
ing with biological matters. It is hoped that biology 
will receive a just share of Professor Hutchinson’s 
attention.—F Rank F. Hooper, Institute for Fish- 
eries Research, Ann Arbor, Michigan. 


The Warblers of America. By Ludlow Griscom, 
Alexander Sprunt, Jr., and other ornithologists of 
note. Devin-Adair Co., New York. 1957. xii+ 
356pp., 35 color plates and many pen and ink 
maps and sketches. $15.00. 


The Warblers of America (retitled Warblers of 
North America on the colorful dust jacket) is a 
large, handsome volume extravagantly printed on 
heavy paper and illustrated with 35 color plates 
depicting all the North American and a majority of 
Central and South American wood-warbler species. 
No less than 24 ornithologists have contributed 
chapters or sections. Seven introductory chapters 
introducing the warblers contain several perceptive 
essays on classification and distribution by Griscom 
and a nice but overly condensed analysis of warbler 
songs by Gunn and Borror. Chapter 8, comprising 
over half of the book, presents accounts of the 60 
warbler species occurring in the United States, 
Canada, and Baja California as listed by the A.O.U. 
Check-list. The remaining ten chapters deal with 
warblers in various areas of the Tropics and in 
Alaska and Canada. 
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The audience sought by the editors of this 
volume would seem to be a varied one. A large 
part of the book, including the fanciful pen and ink 
sketches and the pretty but rather flat color plates, 
are styled for the artistically rather than the sci- 
entifically inclined. Some of the species accounts 
are rather rambling and diffuse; a few are care- 
fully and methodically compiled in a manner that 
will appeal to the systematic naturalist. Several 
sections contain stimulating discussions of basic 
biological problems for the naturalist-philosopher, 
and a few effectively assemble and present quanti- 
tative data of the type sought by wildlife ecologists 
and managers. A chapter by Clement and Gunn on 
the warblers of eastern Canada presents a nice 
summary and discussion of the numerical impor- 
tance of warblers in northern forests and their 
relation to insect populations. This chapter also 
presents a sound discussion of ecological distribu- 
tion. Data on nesting success are included in a few 
species accounts, but are disappointingly by-passed 
in others. The inevitable entry on “food habits” 
for each species is generally treated in the tradi- 
tional unimaginative and uninformative manner. 

Readers with leisure time will find much enjoy- 
able reading and some inspiration in this attractively 
published volume. Much of the material, however, 
is littke more than a reworking of the old familiar 
accounts, and the practical field worker may be 
disappointed in the book as a reference work or a 
source of information——JOHN T. EMLEN, Jr., De- 
partment of Zoology, University of Wisconsin, 
Madison 6, Wis. 


The Audubon Book of True Nature Stories. Se- 
lected and edited by John K. Terres and illus- 
trated by Walter W. Ferguson. Thomas Y. 
Crowell Company, New York. 1958. x+294pp. 
$6.00. 


In this volume John K. Terres has brought to- 
gether 48 tales of wildlife which (with the excep- 
tion of one) appeared originally in Audubon 
Magazine during the period 1942-58. At the out- 
set Terres gives the reader assurance that “every 
one of these stories is true,” thus adding support to 
the adage that truth may be stranger than fiction. 
The narratives have been carefully selected and 
stem from the pens of various authors, a few well 
known, but the majority are those individuals whose 
unique experiences with wild creatures have in- 
duced them to share their good fortune with others. 
The result is an accumulation of anecdotes on 
animal behavior, the like of which could enliven, 
immeasurably, the text of many a life-history mono- 
graph. Terres has rendered notable service by 
publishing these literary ana in book form where 
they will have added permanence. 

It seems almost incredible, while we are today 
striving to perpetuate a mere remnant of the whoop- 
ing crane population, that there was a time when 
one of these birds performed its fantastic dance 
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with a human being as a partner. How m: 
us would have believed that a brown 
(though one of the Mimidae) could be taught tp. 
repeat words and phrases and that one indiyj 
had actually a vocabulary of about 90 words? That 
a sooty tern learned to recognize and respond a: 
the call of an individual person? That a “ 
(Martes) used a technique of persistent harass. 
ment to confuse and tire a porcupine to the point. 
where it appeared helpless to a final attack on its 
vulnerable underbody? Or that an incuba 
ptarmigan remained steadfast on its nest th 
completely covered by a foot or more of snow for 
several days? 

Whereas these narratives often concern captive 
or semicaptive individuals, the responses of thes. 
creatures to human association often reveal s 
examples of animal behavior. True it is, there aye 
occasions when the reader has to make allowanggg _ 
for anthropomorphic interpretations and, in some 
contributions, the authors have resorted to 
diose English when the circumstances called for ng 
such adornment. Terres, of course, is not am 
countable for this. All in all, the compilation makes 
for entertaining reading—something that can be ; 
picked up at any odd moment and at any point,” 
Once in it, the reader is not apt to lay it aside | 
without having encountered something unusual and 
new to his fund of wildlife knowledge. An appen- 
dix of notes by the editor conce:.:‘ng authors and — 
their subjects deals with only some of the writers 
involved. These seem to have been randomly ~ 
selected. 

To this reviewer a most captivating feature of ~ 
this book are the illustrations by Walter W. ” 
Ferguson. All too frequently we fail to give de” 
serving recognition to the art, that, in this case, 
adds immeasurably, to the volume. Ferguson has | 
done a masterful job in making his delicate wash ~ 
paintings reflect the tone of the whole compilation, 7 
They are refreshingly realistic in their portrayal 
of incidents set forth in the text. His draftmanship 
is skillful, even superb with difficult assignments, 
and is forcibly brought out in his picture of a falling 
golden eagle shot in flight from a pursuing ait 
plane (page 278). Ferguson, who is 26 years old, ~ 
is destined to take a deserving place among the in- 
creasing number of talented young artists who are ~ 
now finding their inspiration in wildlife. In s0 7 
expressing themselves, they are producing for us ~ 
and those who will follow, something that is, at 
the same time, instructional, inspirational and, with- 
al, something that is universally understandable, ~ 
May their clan increase and reach even greater ~ 
heights of performance! 

With that, this reviewer ventures the prediction 
that a cursory glance through The Audubon Book © 
of True Nature Stories with its superb illustrations, 
will inevitably lead to the reading of a few snatches. © 
These, in turn, are apt to end in the book finding a % 
place in one’s library—E. R. Kavcmsacu, 16017 
Mariposa Ave., Boulder, Colo. _ 
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